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Motor neuron disease (MND), consisting of amyotrophic lateral sclerosis (ALS), 
progressive muscular atrophy (PMA) and primary lateral sclerosis (PLS), is a 
relentlessly progressive disease in which central and/or peripheral motor neuron 
degeneration leads to atrophy and muscle weakness, including respiratory and 
bulbar dysfunction. Death follows within 3 to 5 years from symptom onset in 
ALS, mostly as a result of respiratory insufficiency.1 The disease course of PMA 
and especially PLS is less progressive.2 In the Netherlands, approximately 1,500 
people are suffering from ALS.3 To date there is no cure and the only available 
drug in the Netherlands (Riluzole) extends life with 3 months.4 Current treatment 
strategies are therefore based on physical and mental support and advance 
care planning.5 In the Netherlands, multidisciplinary care for MND patients is 
coordinated by the Rehabilitation Medicine departments in specialized MND 
centers. Patients with severe respiratory insufficiency are offered non-invasive 
ventilation and patients with swallowing problems can opt for percutaneous 
endoscopic gastrostomy. The research presented in this thesis will focus on 
ALS, as this is the most frequent variant of MND.

ALS and frontotemporal dementia
In the past, ALS was considered to be a pure motor neuron disease in which 
other brain structures, such as those associated with cognition and behaviour, 
are not affected. However, the last decades it has become clear that a disease 
continuum exists with ALS and frontotemporal dementia (FTD) on both ends.6, 

7 Approximately 10 percent of ALS patients have or develop the behavioural 
variant of FTD (bvFTD).8 BvFTD is characterized by progressive character 
changes: patients become disinhibited or apathetic and show a lack of empathy 
and disease insight.9 Cognitive impairment can occur in bvFTD but is not an 
essential feature for the diagnosis.9 When present, cognitive deficits are mostly 
seen in the domains social cognition, executive functions and language.9 The 
overlap between ALS and FTD has been established clinically, but is also 
supported by genetic findings. In 2011, a hexanucleotide repeat expansion 
was discovered on the chromosome 9 open reading frame 72 (C9orf72) gene 
which is responsible for up to 40% of familial ALS and bvFTD cases.10, 11 Other 
mutations (TAR DNA-binding protein (TDP43), superoxide dismutase 1 (SOD1) 
and RNA binding protein Fused in Sarcoma (FUS)) account for an extra 30% 
of familial ALS and FTD cases.1 Brain imaging abnormalities and pathological 
changes in the frontotemporal lobes in a proportion of patients with ALS 
further support the existence of an ALS-FTD disease continuum.12, 13

Cognitive and behavioural impairment in ALS
Although only a small proportion (~10%) of ALS patients develops 
frontotemporal dementia, a larger group, approximately 30-60% has mild 
cognitive or behavioural impairment.14-16 Examining cognitive and behavioural 

impairment in ALS patients poses multiple problems. Due to motor impairment 
and speech disturbances, cognitive tests might be difficult to complete and the 
interpretation of results can be hampered. This could lead to an overestimation 
of cognitive impairment.17, 18 Also, examining cognition requires a lengthy 
neuropsychological examination administered by a neuropsychologist, which 
is not available in every clinic. Behavioural impairment can be overestimated 
as immobility might be mistaken for apathy, and grief might lead to more 
withdrawn behaviour. Behaviour is typically explored in an in-depth interview 
with a proxy, which can be emotionally confronting. Therefore, adapted 
screening instruments for both cognitive and behavioural impairment, which 
are concise and possibly less confronting, are necessary.

Even though mild cognitive and behavioural impairment is harder to detect than 
frank bvFTD, it could have significant consequences. First, ALS-FTD patients 
are less compliant with therapy and therefore experience more difficulties 
with adherence to life-prolonging therapies, such as non-invasive ventilation.19 
However, it is not yet known whether this also applies to patients with mild 
cognitive or behavioural impairment. If so, this could negatively affect survival 
in this subpopulation. Second, cognitive and behavioural impairment negatively 
influences caregiver burden and quality of life of the caregiver. However, the 
influence on quality of life of the patient it not yet clarified.19

Hence, the consequences of mild cognitive and behavioural impairment in 
ALS are not yet clear. Another complex and unresolved issue is the course of 
mild cognitive and behavioural impairment. It is assumed to be a precursor of 
full-blown FTD, but this has not been consistently found.14, 20-25 It is important 
to obtain a better understanding of the course of cognitive and behavioural 
impairment, not only for information supply to the patient and caregiver, but 
also to adjust supportive treatment strategies and advance care planning. It 
could also contribute to unravelling the pathophysiology of ALS.

The diverse estimates of the frequency and the scarcity of information on the 
course of cognitive and behavioural impairment in ALS, in combination with 
the lack of valid screening methods has led to the research presented in this 
thesis.

Aims of this thesis

The main aim of this thesis was to develop tools for the detection of cognitive 
and behavioural impairment in ALS. The secondary aim was to investigate the 
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frequency, profile and course of cognitive and behavioural impairment in ALS 
patients.

These aims resulted in the following research questions:
1. What is the cognitive profile of ALS and is this similar to the cognitive profile 

of bvFTD?
2. Which behavioural changes most frequently occur in ALS?
3. How can we screen for cognitive and behavioural impairment in ALS 

patients, avoiding bias from motor and speech disturbances?
4. Are cognitive and behavioural impairment progressive in ALS and what is 

the impact on survival?

Outline and hypotheses

Part 1. Cognitive and behavioural impairment in ALS and behavioural 
variant FTD
The frequency of cognitive impairment in ALS as described in the literature 
ranges from approximately 30 to 60%.16, 26-28 This range may partly be related 
to the examination of different cognitive domains across studies. In 2010, we 
performed a meta-analysis of the cognitive profile of ALS, including 16 studies 
describing 554 ALS patients and found wide confidence intervals for most 
cognitive domains. Since 2010, many studies examining cognition in ALS have 
been published, including studies on social cognition, which is a relatively new 
cognitive domain. We hypothesized that the inclusion of a larger number of 
studies in the meta-analysis would result in a better-defined and comprehensive 
cognitive profile. In chapter 2 we therefore present an update of the meta-
analysis. As described above, there is clinical, genetic, imaging and pathological 
support for an overlap of ALS and behavioural variant frontotemporal dementia. 
However, a diagnosis of bvFTD does not require cognitive impairment and is 
mostly based on decline in behaviour. This is reflected by little knowledge about 
the cognitive profile of bvFTD. In chapter 3 we present a meta-analysis on the 
cognitive profile of bvFTD and compare this profile to that of ALS. We expected 
to find a significant overlap between the two cognitive profiles.

There are multiple subtypes of bvFTD, including the apathetic and disinhibited 
type, which are characterized by different behavioural symptoms. It is not 
completely known which behavioural symptoms occur most often in ALS and 
whether the behavioural profile of ALS truly resembles that of bvFTD. Therefore, 
in chapter 4 we provide a systematic overview of the literature on behavioural 
symptoms in patients with motor neuron disease and concomitant bvFTD.

Part 2. Screening for cognitive and behavioural impairment
The gold standard for cognitive impairment is a complete neuropsychological 
examination, which covers all cognitive domains and enables to determine the 
exact profile of cognitive impairment. However, this is a lengthy examination 
(about 2-3 hours) that is not available in every clinic and the performance on 
cognitive tests should be corrected for physical and speech disturbances, if 
present. Therefore, in ALS clinics, but also in clinical studies, cognitive screening 
tools are frequently used. However, many of these tools, such as the Mini 
Mental State Examination (MMSE) and the Frontal Assessment Battery (FAB) 
are not specifically developed for ALS patients and do not correct for physical 
impairment. Correction for physical impairment can prevent overestimation 
of cognitive deficits. An example of a cognitive test that is prone to bias due 
to slurred speech or impaired dexterity is the verbal fluency test (spoken or 
written, task consists of naming as many words starting with the same letter 
in one minute), which is frequently used in ALS patients. To correct for physical 
impairment, the verbal fluency index was developed, which reflects the thinking 
time per word of the fluency test. In chapter 5 we provide normative data of 
the Dutch verbal fluency index.

In chapter 6 we present a new cognitive screening tool for ALS patients, 
including a comparison with the Edinburgh Cognitive and Behavioural ALS 
Screen. We expected to find a high sensitivity of our new screen, because the 
cognitive tests included in the screen cover the cognitive profile of ALS.

In chapter 7 we show the clinimetric properties of the ALS-FTD-Questionnaire, 
a questionnaire designed for the detection of behavioural impairment in ALS 
patients. The selection of items included in the questionnaire is based on the 
systematic review presented in chapter 4 and we therefore expected to show 
good clinimetric properties.

Part 3. Course and implications of cognitive and behavioural impair-
ment
The course of cognitive and behavioural impairment in ALS patients has not 
been completely elucidated. Some studies show evidence of progression 
of deficits over time, but other studies show stable impairment or even 
improvement at follow-up.14, 20-25 Most of these studies investigated a cohort 
of so-called prevalent ALS patients, that is patients with diverging disease 
duration and disease stages, and some studies did not perform a complete 
neuropsychological examination.23-25, 29-31 We hypothesized that, given the 
fast neurodegeneration in both ALS and bvFTD, cognitive and behavioural 
impairment in ALS would progress over time, especially when it is investigated 
in a cohort of ALS patients with a short disease duration. In chapter 8 we 
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describe the results of neuropsychological examinations in a cohort of ‘early’ 
ALS patients, with a disease duration of less than 12 months, with follow-up 
measurements after 6 months, in order to examine the course of cognitive and 
behavioural impairment.

As described above, patients with ALS-FTD have difficulties with therapy 
compliance, including the use of non-invasive ventilation, which could result 
in a shorter survival.19 It is conceivable that this also applies to ALS patients 
with mild cognitive and behavioural impairment. In chapter 9 we therefore 
investigate the use of non-invasive ventilation in a cohort of prevalent MND 
patients with and without cognitive and behavioural impairment and its 
influence on survival.
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ABSTRACT

Cognitive impairment is present in approximately 30% of patients with 
amyotrophic lateral sclerosis (ALS) and, especially when severe, has a negative 
impact on survival and caregiver burden. Our 2010 meta-analysis of the cognitive 
profile of ALS showed impairment of fluency, executive function, language and 
memory. However, the limited number of studies resulted in large confidence 
intervals. To obtain a more valid assessment we updated the meta-analysis 
and included methodological improvements (controlled data extraction, risk 
of bias analysis and effect size calculation of individual neuropsychological 
tests). Embase, Medline and PsycInfo were searched for neuropsychological 
studies of non-demented patients with ALS and age-matched and education-
matched healthy controls. Neuropsychological tests were categorised in 13 
cognitive domains and effect sizes (Hedges’ g) were calculated for each domain 
and for individual tests administered in ≥5 studies. Subgroup analyses were 
performed to assess the influence of clinical and demographic variables. Forty-
four studies were included comprising 1287 patients and 1130 healthy controls. 
All cognitive domains, except visuoperceptive functions, showed significant 
effect sizes, compared to controls. Cognitive domains without bias due to motor 
impairment showed medium effect sizes (95% CI): fluency (0.56 (0.43 to 0.70)), 
language (0.56 (0.40 to 0.72)), social cognition (0.55 (0.34 to 0.76)), or small 
effect sizes: delayed verbal memory 0.47 (0.27 to 0.68)) and executive functions 
(0.41 (0.27 to 0.55)). Individual neuropsychological tests showed diverging effect 
sizes, which could be explained by bias due to motor impairment. Subgroup 
analyses showed no influence of bulbar disease onset and depression and 
anxiety on the cognitive outcomes. The cognitive profile of ALS consists of 
deficits in fluency, language, social cognition, executive functions and verbal 
memory. Social cognition is a new cognitive domain with a relatively large effect 
size, highlighting the overlap between ALS and frontotemporal dementia. 
The diverging effect sizes for individual neuropsychological tests show the 
importance of correction for motor impairment in patients with ALS. These 
findings have implications for bedside testing, the design of cognitive screening 
measures and full neuropsychological examinations.

INTRODUCTION

Cognitive impairment occurs in approximately 30% of patients with amyotrophic 
lateral sclerosis patients (ALS) and a small proportion of patients (±10%) 
has frontotemporal dementia, mostly the behavioural variant.1, 2 Cognitive 
impairment, especially when severe, bears significant implications for patients 
with ALS and their families: it increases caregiver burden and reduces survival 
which may be related to restricted use of non-invasive ventilation.3, 4 More 
insight in the cognitive profile of ALS could lead to better bedside testing and 
more adequate information to the patient and their caregiver.

Across studies, deficits have been shown in different cognitive domains. Most 
consistently, executive dysfunction and fluency deficits are found.5 There 
is increasing evidence of language impairment and memory dysfunction in 
patients with ALS and recently, impairment of social cognition has been shown.6, 

7 In 2008, we performed a meta-analysis of the cognitive profile of patients with 
ALS without dementia (n=16 studies, 554 patients, published in 2010) showing 
impairment of fluency, executive functions, language and memory.8 For other 
cognitive domains, we were unable to draw firm conclusions due to limited 
data. Since 2008, many neuropsychological ALS studies have been published. 
With an update of the meta-analysis, we aimed to generate a more precise 
assessment of the cognitive profile of ALS.

METHODS

Search strategy
We searched Embase (1970-2014), Medline (1966-2014) and PsycInfo (1970-
2014) up to 28 November 2014 for articles written in English, German, French 
or Dutch. References of articles were also considered for inclusion. Key words 
included ALS and its synonyms, cognition and frontotemporal dementia 
(supplementary table S1). Two authors (EB, MKT) performed title/abstract 
screening and subsequently full text evaluation. Consensus meetings led to 
the inclusion or exclusion of articles.
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Study selection
Eligible articles were controlled studies. In case of longitudinal studies, only 
data from the first visit were used for analysis. All studies had to meet the 
following criteria:

• Patients had to be diagnosed with ALS according to the validated El Escorial 
criteria9, that is, presence of a combination of upper and lower motor neuron 
signs. When patients with progressive muscular atrophy or primary lateral 
sclerosis were also studied, data of patients with ALS had to be reported 
separately.

• Patients and controls had to be matched for age and education, or age-
corrected and education-corrected standard scores had to be used.

• Patients and controls had to be free of frontotemporal dementia and 
Alzheimer’s disease, according to standard clinical criteria10, 11 or according to 
the authors’ statement. If demented participants were included in the study, 
the results of non-demented participants had to be reported separately.

• Data of at least one validated neuropsychological test had to be reported 
for both patients and controls as the mean and SD of raw or standardised 
test scores.

• Studies had to report unique cohorts. If studies reported data of the same 
cohort, the study with the largest sample was included.

• Studies had to correct for the presence of dysarthria or motor disabilities, 
or both, for example, use of adjusted neuropsychological tests or excluding 
patients with severe motor disabilities.

There were no exclusion criteria.

Data extraction
We extracted demographic and clinical variables from the articles: age (years), 
educational level (years of formal education), disease duration (months), site 
of onset (% bulbar onset), disease severity (ALS functional rating scale revised 
(ALSFRS-R))12, respiratory function (forced vital capacity (FVC, percentage 
predicted (%pred.)) or pCO2, capillary/arterial blood gas), use of psychoactive 
medication and depression/anxiety. In order to facilitate the interpretation 
of data, we categorised neuropsychological tests in 13 cognitive domains, as 
described before, that is, language, executive functions, fluency, immediate 
verbal memory, delayed verbal memory, visual memory, visuoperceptive 
functions, visuoconstructive functions, verbal IQ, psychomotor speed and 
attention. Owing to the widespread use of the Mini Mental State Examination 
(MMSE) in ALS studies, we included this test as a global measure of cognitive 
impairment. Social cognition was a new cognitive domain and was not included 
in the 2010 meta-analysis. Two of the authors (EB, MKT) performed the data 
extraction in order to reduce extraction errors.13

Heterogeneity
Subgroup analyses were performed to find explanations for moderate or 
substantial heterogeneity in the cognitive domains. The following demographic 
and clinical variables were assessed in the subgroup analyses: age (years), 
educational level (years of formal education), disease duration (months), site 
of onset (% bulbar onset), disease severity (ALSFRS-R), respiratory function, 
psychoactive medication use and depression/anxiety. For each variable, 
the studies were divided in two groups, based on a median split, except for 
respiratory function, use of psychoactive medication and depression/anxiety. 
Respiratory dysfunction and psychoactive medication use were not part of 
the exclusion criteria in all studies. For respiratory dysfunction, studies were 
divided in a group of “studies which excluded patients with severe respiratory 
dysfunction” and a second group of “studies which did not exclude patients 
with severe respiratory dysfunction or did not present data on respiratory 
function”. For psychoactive medication use, studies were divided in a group 
of “studies which excluded patients with psychoactive medication use” and 
a second group of “studies which did not exclude patients with psychoactive 
medication use or did not present data on psychoactive medication use”. For 
depression/anxiety, the studies were divided in a group with “depression/
anxiety level comparable to healthy controls” and a group with “depression/
anxiety level higher than healthy controls”.

Statistical analysis
We calculated effect sizes, expressed as Hedges’ g, per cognitive domain for 
each study, using Review Manager.14 Hedges’ g represents the mean difference 
between patients with ALS and healthy controls, divided by the pooled SD. 
When studies used multiple neuropsychological tests in one cognitive domain, 
an averaged effect size was computed in order to ascertain that each study 
only added one effect size to the final analysis.

We chose a random effects model to obtain an average weighted effect size 
across the studies. Effect sizes are considered small, medium and large when 
they are 0.2, 0.5 and 0.8, respectively.15 A positive effect size, that is, an effect 
size of more than 0, indicates impaired performance of patients with ALS 
compared with healthy controls. An effect size was considered ‘significant’ 
when the CI did not contain 0. Effect sizes of individual cognitive tests were 
also calculated, when administered in ≥ 5 studies.

Statistical heterogeneity among studies was assessed with the Cochran’s Q 
test (significance set at p <0.10) and the I2 statistic. I2 describes the percentage 
of total variation across studies that is due to heterogeneity rather than 
chance. Cut-off points for low, moderate and substantial heterogeneity are 

2
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25%, 50% and 75%, respectively.16 Outliers within the domains with substantial 
heterogeneity were identified and effect sizes were recalculated after exclusion 
of the outlier.

Risk of bias
One of the authors (EB) assessed the quality of included articles with the 
Newcastle – Ottawa quality assessment scale (NOS, maximum score 9 
points).17 The NOS evaluated the following aspects: selection of participants, 
comparability of the participants and data collection. Owing to the design 
of the included studies, that is, not blinded to the status of the participant, 
studies could not be awarded a point on the item ‘ascertainment of exposure’, 
and the maximum score was therefore eight points. The risk of selection bias 
was evaluated with a subgroup analysis, comparing studies with consecutively 
recruited patients to studies with a potential selection bias.

The risk of bias due to motor impairment and/or speech difficulties was 
assessed. Effect sizes were recalculated after exclusion of cognitive tests that 
require fine motor skills or normal speech; these recalculated (non-motor 
dependent) effect sizes were compared with the original effect sizes.

The presence of publication bias can result in a (more) significant mean 
effect size, because non-significant studies are less likely to be published. To 
investigate the probability of a relevant publication bias, we calculated the 
fail-safe N for all cognitive domains, that is, the number of studies without an 
effect which should be added to the meta-analysis to obtain a non-significant 
effect size, i.e. p=0.05.18 A more conservative estimate of existing unpublished 
or unretrieved studies is the tolerance level ((5×number of studies examining 
the domain) + 10). If the fail-safe N is large in comparison to the tolerance level, 
the observed result is considered to be a reliable estimate of the real effect.

We used IBM Statistics SPSS, V.20 and Review Manager, V.5.2 for statistical 
analysis.

RESULTS

The literature search yielded 7380 hits and 44 studies were included in this 
meta-analysis. Thirty studies were new compared to our previous meta-analysis 
(table 1 and figure 1). For an overview of the excluded articles and reasons for 
exclusion, see supplementary table S2.

Figure 1. Flow chart of literature search and study selection

 

 

Literature search (7380 hits)

Medline

1778 hits

Embase

3775 hits*

PsycInfo

1827 hits

Title and abstract screening

Possibly relevant

n=234

Not relevant

n=7157

Full text evaluation

Inclusion in meta-analysis

n=44

Exclusion

n=190

See supplementary material 
for reasons

Embase, Medline and PsycInfo were searched simultaneously with the same key words. *The flow 
chart shows the results after deduplication.
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Study characteristics
A total of 1287 patients (62.8% males) and 1130 healthy controls (55.5% males) 
were included in the meta-analysis (table 1). In three studies only patients with 
definite ALS were analysed and in 26 studies patients had either probable or 
definite ALS. The mean age (SD) of the patients was 59.2 years (3.9) and the 
disease duration ranged from 8.1 to 80.0 months (median 23.5). The site of 
onset was reported in 28 studies (63.6%, bulbar onset in 33% of patients), of 
which five included a higher proportion of bulbar onset than patients with limb 
onset. Disease severity was measured with different scales across studies, 
that is, the Amyotrophic Lateral Sclerosis Functional Rating Scale - Revised 
(ALSFRS-R, maximum score 48 = no disability), the ALS severity scale (ALSSS, 
maximum score 40 = no disability), the Appel score (scores between 30 and 164, 
lower scores = less disability) and the Norris score (maximum score 100 = no 
disability).12, 19-21 The ALSFRS-R was used most frequently (n=23 studies, 52.3%), 
with a median score (range) of 33.2 (11.9 – 40.4). The median scores (range) of 
the ALSSS, Appel score and Norris score were 31.8 (28.4-32.2), 68.8 (30-123) and 
75.5 (50-92), respectively. In most studies, the disability scores indicated a mild 
to moderate disease severity. One study examined patients with an advanced 
disease state, with a mean (SD) ALSFRS-R of 11.9 (8.2).

Studies corrected for the presence of dysarthria and/or motor disabilities by 
using an adjusted neuropsychological test battery (time-dependent tests were 
excluded or tests were corrected for slowing of speech), by excluding patients 
with severe motor impairment or dysarthria, or some patients did not perform 
all tests due to motor impairment or dysarthria (supplementary table S3).

Twenty-one studies (47.7%) reported data on the presence of respiratory failure. 
Eight studies excluded patients with a FVC (%pred) below 70%, while two studies 
performed blood gas analysis to investigate the presence of hypercapnia. In 
11 studies, patients had no severe respiratory dysfunction, as stated by the 
authors. Depression and anxiety were measured in 26 studies (59.1%), most 
frequently with the Hospital Anxiety and Depression Scale (HADS, 53.8%). Other 
depression and anxiety scales were the Beck Depression Inventory (BDI, n=7, 
max score 63)22, the Hamilton Rating Scale for Depression (n=2, max score 52)23, 
the ALS depression inventory (n=1, max score 48), the Geriatric Depression 
scale (n=1, max score 30)24 and the Von Zerssen depression scale (n=1, max 
score 48)25. In the majority of the studies (72.7%), the scores did not differ 
between the patients with ALS and healthy volunteers. Six studies showed 
significantly more depressive and/or anxiety symptoms in patients with ALS 
compared to controls.

2



32 33

The cognitive profile of ALSChapter 2

Twenty-one studies excluded patients if they used psychoactive medication, 
one study did not exclude patients, and the remaining 22 studies did not 
report medication use. References related to the abovementioned study 
characteristics can be found in supplementary table S4.

Effect sizes of cognitive domains
All cognitive domains, except visuoperceptive functions, showed significant 
effect sizes, that is, impairment in patients with ALS, compared with controls 
(figure 2). In the domains with little or no bias due to motor impairment, 
medium effect sizes were found, that is, between 0.5 and 0.8 for the domains 
fluency, language and social cognition (table 2). Small effect sizes, that is, below 
0.5, were found for the domains delayed verbal memory, immediate verbal 
memory, attention, executive functions, verbal IQ and visual memory. The 
domains in which bias due to motor impairment could not be ruled out, i.e. 
visuoconstructive functions, psychomotor speed and MMSE, showed large or 
medium effect sizes. These domains were exclusively examined with time-
dependent and motor-dependent tests and an adjusted effect size without 
motor bias could not be calculated.

The main differences with the results of our 2010 meta-analysis are the 
inclusion of social cognition as a new cognitive domain, the significant effect 
size of delayed verbal memory and narrow CIs (figure 2), due to the inclusion 
of more studies.

To reduce bias due to motor impairment, the effect sizes of the domains 
fluency, language, executive functions and visual memory were recalculated 
after exclusion of the time-dependent and motor-dependent tests, which 
did not considerably change the effect sizes of fluency, language and visual 
memory. The effect size of executive functions decreased after exclusion of 
the time-dependent and motor-dependent tests from 0.49 to 0.41 (table 2).

Effect sizes of neuropsychological tests
The neuropsychological tests used in each cognitive domain are listed in 
supplementary table S5. The largest effect sizes were found for the trail making 
test part B, colour word interference of the Stroop test, symbol digit modalities 
test, letter fluency, word-reading and colour-naming of the Stroop test and 
naming tests (table 2).

Figure 2. Effect size per cognitive domain

Effect size is expressed as Hedges’ g, larger values indicate more impairment in patients with ALS 
compared to healthy volunteers. Black line: meta-analysis update; grey line: meta-analysis 2010. 
For a description of the neuropsychological tests included in each domain, see supplementary 
table S5. ALS, amyotrophic lateral sclerosis.

Heterogeneity
Heterogeneity was low in the domains MMSE, fluency, immediate verbal 
memory, attention, verbal IQ and visual memory (range I2 values: 0-20%). 
Moderate heterogeneity (I2: 43-50%) was found in the domains language, 
social cognition and visuoperceptive functions. The domains visuoconstructive 
functions, psychomotor speed, executive functions and delayed verbal memory 
showed substantial heterogeneity (I2: 56-74%). In the domains visuoconstructive 
functions, psychomotor speed and delayed verbal memory, a main outlier could 
be identified, and effect sizes were recalculated after exclusion of the outlier 
(table 2).
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Subgroup analyses
There was no influence of site of onset on any of the cognitive domains (table 3). 
Disease severity or the presence of depressive and anxiety symptoms did not 
significantly contribute to the effect sizes on any of the cognitive domains (data 
not shown, but available on request). Studies with younger patients had more 
impairment of psychomotor speed. Studies with a lower educational level had 
more impairment of executive functions. A shorter disease duration resulted 
in more impairment of visual memory and immediate verbal memory. Studies 
that excluded patients with respiratory dysfunction showed less impairment of 
psychomotor speed, delayed verbal memory and MMSE. Studies that excluded 
patients with psychoactive medication showed less impairment of attention 
and visual memory.

Table 3. Subgroup analysis of the percentage of bulbar disease onset in the included studies

Cognitive domain Bulbar 
onset

Hedges’ 
g

95% CI K N Q p 
(Q)

I2

Visuoconstructive functions < 32.3
> 32.3

0.83
0.44

-0.04-1.70
-0.02-0.89

2
2

85
76

0.62 0.43 0%

Psychomotor speed < 32.3
> 32.3

0.40
0.38

0.05-0.75
0.11-0.65

7
5

244
187

0.01 0.93 0%

Fluency < 32.3
> 32.3

0.65
0.69

0.49-0.82
0.48-0.89

8
7

313
291

0.06 0.80 0%

Language < 32.3
> 32.3

0.66
0.35

0.37-0.96
-0.07-0.77

7
4

290
176

1.45 0.23 31.3%

Social cognition < 32.3
> 32.3

0.36
n/a

-0.02-0.74
n/a

2
0

79
0

n/a n/a n/a

MMSE < 32.3
> 32.3

0.53
0.53

0.20-0.86
0.32-0.74

7
5

230
563

0.00 0.99 0%

Executive functions < 32.3
> 32.3

0.56
0.57

0.39-0.73
0.19-0.95

10
9

447
429

0.00 0.97 0%

Delayed verbal memory < 32.3
> 32.3

0.51
0.38

0.16-0.86
-0.03-0.78

6
6

222
268

0.23 0.63 0%

Immediate verbal memory < 32.3
> 32.3

0.43
0.57

0.21-0.65
0.31-0.82

6
5

222
224

0.65 0.42 0%

Attention < 32.3
> 32.3

0.36
0.50

0.16-0.56
0.38-0.63

4
9

160
531

1.40 0.24 28.5%

Verbal IQ < 32.3
> 32.3

0.21
0.33

-0.01-0.44
0.05-0.62

3
6

161
290

0.42 0.52 0%

Visual memory < 32.3
> 32.3

0.11
0.35

-0.12-0.34
0.12-0.58

7
4

269
179

2.01 0.16 50.3%

Visuoperceptive functions < 32.3
> 32.3

0.36
0.07

-0.04-0.77
-0.39-0.25

3
2

101
86

2.72 0.10 63.2%

Legend. Bulbar onset: percentage of patients with bulbar disease onset; Hedges’ g: effect size; 
95% CI: 95% confidence interval of effect size; K: number of studies; N: number of participants; 
Q: heterogeneity between studies within cognitive domain; p (Q): p-value for heterogeneity; I2: 
percentage of heterogeneity caused by study differences (Q – degrees of freedom / Q x 100%); 
n/a: not applicable.

Risk of bias
The representativeness of the patient cohort was infrequently stated (n=18). 
The subgroup analysis for selection bias showed no differences in effect sizes 
for any of the cognitive domains. The recruitment method of healthy volunteers 
was described in 26 studies. The non-response rate was also infrequently 
recorded (n=5). The fail-safe N exceeded the tolerance level at least five times 
in all cognitive domains, indicating that the mean effect sizes are a reliable 
estimate of the true value when publication bias is considered.

DISCUSSION

We updated our meta-analysis of cognitive impairment of non-demented 
patients with ALS, compared with healthy volunteers. The cognitive profile of 
ALS consists of deficits in fluency, language, social cognition, executive functions 
and verbal memory.

Social cognition and the overlap with FTD
Social cognition is a new cognitive domain compared to our previous meta-
analysis and its effect size is comparable to the domains language and fluency. 
It includes recognition of the emotional states of others and insight into social 
situations and social protocol.26, 27 This finding corroborates the overlap 
between ALS and FTD, as studies in FTD have shown extensive impairment of 
social cognition which is correlated to cortical atrophy of the right orbitofrontal, 
superior temporal, occipital and posterior cingulate regions.26-28

However, in order to investigate the existence of a cognitive continuum, 
neuropsychological studies are needed that directly compare patients with 
ALS, ALS-FTD and FTD. To the best of our knowledge, there are only three 
such studies. Two studies only administered the Addenbrooke’s cognitive 
examination and therefore do not allow for a comparison of the cognitive 
profiles.29, 30 Another study administered tests of social cognition, which showed 
similar scores of patients with ALS and healthy volunteers and comparable 
deficits in the ALS-FTD and FTD groups.7 In the current meta-analysis, we 
excluded studies which examined patients with ALS-FTD, in order to assess 
the cognitive profile of patients with ALS without dementia and reduce the 
heterogeneity in the data. Subtle effects of mild cognitive impairment in a 
large ALS cohort might be overshadowed by large effects in a small ALS-FTD 
subgroup in the cohort. Also, the inclusion of patients with severe behavioural 
changes may lead to seemingly impaired performance on cognitive tests, 
due to a lack of attention and interest. Despite the challenges of examining 
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patients with ALS-FTD, neuropsychological studies are needed to elucidate 
the similarities and differences between ALS and FTD.

Associations between behavioural changes and cognitive impairment on the 
one hand and reduced survival and caregiver burden on the other hand have 
been found previously.4, 31 Considering the prominent role of social cognition 
in this meta-analysis, social cognition deficits may also be associated with 
shorter survival and increased caregiver burden. This warrants more thorough 
investigation in future studies.

Memory
Our previous meta-analysis showed significant effect sizes for immediate verbal 
memory and visual memory, and a large CI for delayed verbal memory which 
did not reach significance. The current update shows significant effect sizes for 
all memory domains, with the largest effect size for delayed verbal memory. 
Although both the medial temporal lobe (MTL) and the prefrontal cortex are 
involved in delayed and immediate memory, delayed memory relies primarily 
on intact functioning of the MTL, whereas immediate memory is thought to be 
a function of the mid-dorsolateral frontal cortex.32, 33 The finding of memory 
changes in our meta-analysis, therefore, could reflect changes in the MTL, which 
have been described as TDP-43 positive neuronal inclusions in the dentate 
gyrus, hippocampus and transentorhinal cortex, found in post mortem studies 
of patients with ALS, in particular when concomitant dementia was present.34 
Recent MRI studies underlined the involvement of the MTL in non-demented 
patients with ALS, by correlating hippocampal volume with impairment of verbal 
memory.35, 36

Executive functions
Although executive dysfunction is often found in patients with ALS, the effect 
size for this domain was smaller than for the domains language and social 
cognition.6 This is probably related to our decision to examine fluency as a 
separate cognitive domain, for which we found a larger effect size, that is, 0.58 
compared to 0.49. Furthermore, the neuropsychological tests of the executive 
domain showed diverging effect sizes, that is, the trail making test and the 
Stroop test showed large effect sizes, whereas the Brixton spatial anticipation 
test had a non-significant effect size. This could be explained by deficits in 
motor function and speech in patients with ALS. The tests with large effect 
sizes are time-dependent and require fine motor skills or normal speech and, 
when excluded from the analysis, executive functions had one of the smallest 
effect sizes. When examining patients with ALS, it is therefore key to administer 
tests that correct for physical impairment, in order to avoid overestimation of 
cognitive deficits.37

Respiratory function
Impairment of executive functions and memory (list and object learning) is 
known to be partially related to respiratory dysfunction in ALS and is thus 
partially reversible after initiation of night-time non-invasive ventilation.38 
In the current meta-analysis, only 10 out of 44 studies (22.7%) reported 
measurements of respiratory function which may have led to an overestimation 
of the effect sizes of the executive and memory domains. An exploratory 
subgroup analysis showed no effect of respiratory function on the majority of 
the cognitive domains, except for psychomotor speed, delayed verbal memory 
and MMSE. For a valid statement on the influence of respiratory dysfunction 
on cognitive function in ALS, more studies need to report detailed data about 
the presence or absence of respiratory dysfunction.

Bulbar disease onset
The relation between bulbar disease onset and cognitive impairment in ALS has 
been debated. The proportion of bulbar disease onset in incident ALS cohorts 
is approximately 33%, but ranges from 33% to 60% in cognitively impaired 
cohorts.1, 39-41 With a subgroup analysis, we found no evidence of more severe 
cognitive deficits in patients with bulbar disease onset. The varying rates of 
bulbar disease onset in cognitively impaired cohorts may be related to the 
presence of dysarthria in combination with the use of time-dependent tests. 
A correction for slowing of speech is therefore essential.37

Limitations
In addition to its strengths, that is, a large number of patients, careful selection 
of articles, extraction of data by two individuals and a systematic analysis, this 
study has some limitations.

Bias due to motor impairment could not be ruled out in the domains 
visuoconstructive functions, MMSE and psychomotor speed, because these 
were exclusively examined with tests that require fine motor skills and/or normal 
speech. All studies corrected for severe motor impairment, but adjustments for 
mild motor impairment were often not performed. This might explain why the 
effect sizes of these domains were among the largest effect sizes, indicating 
that patients with ALS have more difficulty performing the motor part of these 
tests than healthy volunteers. However, the effect size of language, fluency and 
visual memory, which were partly examined with time-dependent or motor-
dependent tests, did not change after exclusion of these tests. This implies that 
bias due to motor impairment was small in these three domains.

We included the MMSE in our analyses as a global measure of cognitive 
impairment. However, there are some limitations in the use of MMSE. First of 
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all, there is a large ceiling effect in the normal population, implying that healthy 
controls are likely to obtain (near) maximum scores.42 Second, three items of 
MMSE require normal hand function, and could lead to an underestimation 
of the abilities of patients with ALS. The combination of the ceiling effect and 
the motor-dependent items in MMSE could have resulted in an artificially large 
difference between patients with ALS and healthy controls.

There was substantial heterogeneity in the domains visuoconstructive 
functions, psychomotor speed, executive functions and delayed verbal 
memory, hindering the interpretation of the results. The most likely explanation 
for the heterogeneity is the presence of outliers within these domains. For the 
domains visuoconstructive functions, psychomotor speed, and delayed verbal 
memory, a single outlier could be identified, and after exclusion, heterogeneity 
was reduced to 10%, 46% and 44%, respectively. For the domain executive 
functions, a single outlier could not be identified, but all individual studies, 
except one, showed impairment of patients with ALS, compared to healthy 
volunteers. Our results therefore indicate impairment of patients with ALS on 
executive function tasks, but the results of our study emphasize the importance 
of tests that correct for physical impairment and slowing of speech to avoid 
false positive results.

In conclusion, the cognitive profile of patients with ALS consists of deficits in 
fluency, language, social cognition, executive functions and verbal memory 
with sparing of visuoperception. These findings provide further support for 
the observation that the cognitive deficits of ALS are more than “just frontal”, 
which has implications for bedside testing, the design of cognitive screening 
measures and full neuropsychological examinations.
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SUPPLEMENTAL MATERIAL

Table S1. Key words used in the literature search

amyotrophic lateral sclerosis, 
ALS, motor neuron(e) 
disease, MND, Gehrig

OR FTD, frontotemporal 
dementia, FTLD, pick’s 
disease, frontal variant FTD, 
frontal variant dementia, bv-
FTD, f-FTD, frontotemporal 
(lobar) degeneration, 
presenile dementia

AND

cognition, mild cognitive impairment, cognition disorders, language disorders, (neuro)
psychological tests, language (tests), memory, MMSE, Mini Mental State Examination, theory 
of mind, Frontal Assessment Battery, Boston Naming, Wisconsin Card Sorting Test, Stroop 
test, trail making test, aptitude tests
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Table S3. Adjustments for motor disabilities and/or dysarthria

Study ID

Correction for 
dysarthria and motor 
disabilities

Adjusted 
neuropsychological 
battery

1, 8, 12, 13, 19, 20, 21, 22, 31, 35, 36, 
39, 40, 43, 44

Exclusion of patients 
with severe dysarthria or 
motor disabilities

2, 3, 4, 9, 10, 14, 15, 16, 17, 18, 19, 23, 
24, 27, 28, 29, 30.1, 30.2, 32, 33, 34, 
38, 39, 41, 42

Not all patients performed 
all tests

5, 6, 7, 11, 25, 26, 39

Correction for 
respiratory dysfunction

Inclusion criteria FVC 
>70%

12, 14, 25, 28, 31, 33, 39, 43

Blood gas analysis 3, 35

Statement of authors: 
no severe respiratory 
dysfunction

8, 17, 18, 20, 23, 24, 27, 29, 30.1, 30.2, 
38

No information 1, 2, 4, 5, 6, 7, 9, 10, 11, 13, 15, 16, 19, 
21, 22, 26, 32, 34, 36, 37, 40, 41, 42, 
44

Depression and anxiety More depressive/anxiety 
symptoms than healthy 
volunteers

7, 10, 16, 20, 27, 39

Depressive/anxiety 
symptoms comparable to 
healthy volunteers

3, 5, 8, 9, 12, 14, 21, 23, 24, 26, 28, 29, 
30.2, 33, 34, 35

No information 1, 2, 4, 6, 11, 13, 15, 17, 18, 19, 22, 25, 
30.1, 31, 32, 36, 37, 38, 40, 41, 42, 43, 
44

Psychoactive 
medication use

Exclusion criterion 2, 4, 5, 7, 10, 12, 14, 16, 20, 21, 23, 26, 
28, 31, 32, 33, 35, 37, 38, 39, 44

No exclusion criterion 13

No information 1, 3, 6, 8, 9, 11, 15, 17, 18, 19, 22, 24, 
25, 27, 29, 30.1, 30.2, 34, 36, 40, 41, 
42, 43

Legend. Study ID corresponds to the study ID in Table 1.
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2. Gallassi R, Montagna P, Morreale A, et al. Neuropsychological, electroencephalogram 
and brain computed tomography findings in motor neuron disease. Eur Neurol 
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Table S5. Neuropsychological tests used for the assessment of the cognitive domains

Cognitive domain Neuropsychological tests K

Visuoconstructive functions WAIS block design
Rey complex figure, copy
Copy design

3
1
1

MMSE Mini Mental State Examination 17

Fluency Letter fluency
Category fluency
Design fluency
Alternating fluency

23
15
4
1

Language Boston naming test
McKenna Graded naming test
Simple and complex analogies
Peabody picture vocabulary test
Phrase construction
Picture naming
Action naming test
Arizona battery for communication disorders
Western Aphasia Battery
Cookie Theft picture
British Picture Vocabulary scale
Test for Reception of Grammar
Category Specific Names test
Oral and written naming of nouns
Judgements of synonyms
Assessment of language processing in aphasia
Graded difficulty spelling test
Pyramids and Palm Trees test
Kissing and Dancing test
Spot the Word test
Token test

9
6
2
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

Social cognition The awareness of social interference test
Ekman faces test
Reading the mind in the eyes
Faux pas Task
Aprosodia Battery
Judgement of preference task
Ekman caricatures test

2
1
1
1
1
1
1

Delayed verbal memory Auditory verbal learning test
California verbal learning test
Prose memory test
Delayed recognition task
Wechsler memory scale
Hopkins verbal learning task
Brierly-Medford sentences
Phelps words task
Rivermead Behavioral Memory Test
Logical memory

8
3
3
1
1
1
1
1
1
1

Table S5. Continued.

Cognitive domain Neuropsychological tests K

Psychomotor speed Trail making test, part A
Stroop test, part A and B
Symbol digit modalities test
Barrage test (time to complete)
Kendrick Digit Copying Test
Simple reaction time (Test for Attentional 
Performance)

8
6
6
1
1
1

Immediate verbal memory Auditory verbal learning test
Recognition memory test
California verbal learning test
Prose memory test
Serial digit learning test
Paired associate learning
Conditional associative learning task
Hopkins verbal learning task
Verbal learning test
Wechsler memory scale
Brow-Peterson Interference Test
Rivermead Behavioral memory test
Logical memory
Words recognition memory test

5
3
3
2
1
1
1
1
1
1
1
1
1
1

Executive function Wisconsin Card Sorting test
Stroop test
Trail making test (part B-A)
Brixton Spatial Anticipation Test
Hayling Sentence Completion Test
Go/NoGo (test of attentional performance)
Weigl block task
Holiday Apartment test
Probabilistic reversal learning test
One-touch Stockings of Cambridge
Card Sorting test (Delis-Kaplan Executive Function 
System)
Iowa gambling test
Tower of Hanoi

16
14
10
5
3
1
1
1
1
1
1
1
1
1

Attention Digit span
Corsi Block tapping test
Paced Auditory Serial Addition test
Counting task
Continuous performance test
Letter Span
Visual Search and Attention Test
Letter number sequencing
WAIS arithmetic
Number processing and calculation battery

11
3
2
1
1
1
1
1
1
1
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Table S5. Continued.

Cognitive domain Neuropsychological tests K

Verbal IQ WAIS
Mill Hill Vocabulary scale
Mehrfachwahl-Wortenschatz-Intelligenztest

8
1
1

Visual memory Kendrick Object Learning Test
Rey complex figure, delayed recall
Doors test
Recognition Memory Test
Benton facial recognition test
Non-verbal Learning Test
Immediate visual memory test
Picture recall and recognition test
Conditional associative learning test

4
3
3
2
2
1
1
1
1

Visuoperceptive functions Judgement of Line Orientation test
Visual Object and Space Perception Battery
Barrage Test
Little Men Test
Money Road map
Fragmented figures
Differential Aptitude Test
Hand laterality task
Mirror letter discrimination task
Mental rotation test

4
3
1
1
1
1
1
1
1
1

Legend. k: number of studies that administered the neuropsychological test.
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ABSTRACT

Approximately 30% of patients with amyotrophic lateral sclerosis (ALS) have 
cognitive impairment and 8-14% fulfil the criteria for behavioural variant 
frontotemporal dementia (bvFTD). The cognitive profiles of ALS and bvFTD 
have been reported to be comparable, but this has never been systematically 
investigated. We aimed to determine the cognitive profile of bvFTD and 
examine its similarities with that of ALS, to provide evidence for the existence 
of a cognitive disease continuum encompassing bvFTD and ALS. We therefore 
systematically reviewed neuropsychological studies on patients with bvFTD 
and healthy volunteers. Neuropsychological tests were divided in 10 cognitive 
domains and effect sizes were calculated for all domains and compared with 
the cognitive profile of ALS by means of a visual comparison and a Pearson’s 
r correlation coefficient. We included 120 studies, totalling 2425 patients with 
bvFTD and 2798 healthy controls. All cognitive domains showed substantial 
effect sizes, indicating cognitive impairment in bvFTD patients compared to 
healthy controls. The cognitive domains with the largest effect sizes were social 
cognition, verbal memory and fluency (1.77 – 1.53). The cognitive profiles of 
bvFTD and ALS (10 cognitive domains, 1287 patients) showed similarities 
on visual comparison and a moderate correlation 0.58 (p=0.13). When 
social cognition, verbal memory, fluency, executive functions, language and 
visuoperception were considered, i.e. the cognitive profile of ALS, Pearson’s r 
was 0.73 (p=0.09), which raised to 0.92 (p=0.03), when language was excluded 
in this systematic analysis of patients with a non-language subtype of FTD. The 
cognitive profile of bvFTD consists of deficits in social cognition, verbal memory, 
fluency and executive functions and shows similarities with the cognitive profile 
of ALS. These findings support a cognitive continuum encompassing ALS and 
bvFTD.

INTRODUCTION

Eight to 14 per cent of patients with amyotrophic lateral sclerosis (ALS) have 
concurrent behavioural variant frontotemporal dementia (bvFTD) and up to 30 
per cent of patients with ALS are reported to have mild to moderate cognitive 
impairment.1-3 The mild cognitive deficits of ALS are attributed to frontotemporal 
dysfunction, because they include executive, memory and language deficits and 
impairment of social cognition.1, 4-6 These findings, in combination with brain 
imaging abnormalities and pathological changes in the frontotemporal lobes 
of patients with ALS and pathogenic mutations associated with both diseases, 
have contributed to the hypothesis that ALS and (bv)FTD are part of a disease 
continuum.6, 7

The existence of this disease continuum would be strengthened by observations 
that mild cognitive deficits progress to bvFTD in a proportion of patients 
with ALS. Although progressive paralysis complicates the performance of 
longitudinal studies in ALS, existing neuropsychological data, albeit sparse and 
including a limited number of patients with ALS, have failed to show progression 
of cognitive deficits.8, 9 Another observation that questions the presence of 
a disease continuum between ALS and bvFTD on the basis of cognition, is a 
discrepancy between the cognitive criterion of the international consensus 
criteria of bvFTD, and the cognitive profile of ALS. The bvFTD diagnostic criteria 
include relative sparing of memory and visuospatial functions, while these two 
cognitive domains, in particular memory, are not spared in patients with ALS, 
according to recent studies.10-15

Many neuropsychological studies have been performed in patients with bvFTD, 
suggesting a cognitive profile including executive and social cognition deficits, 
with relative sparing of memory and visuospatial skills.10 A meta-analysis of 
these neuropsychological studies in bvFTD could reveal new insights in the 
cognitive profile of bvFTD, similar to our finding that the cognitive deficits of ALS 
are more extensive than previously thought.13 Secondly, such a meta-analysis 
in bvFTD enables a comparison with the cognitive profile of ALS, which may 
increase our understanding of the nature and extent of brain involvement in 
these disorders.

Therefore, the aim of the current study was to define the cognitive profile of 
bvFTD and to examine similarities with ALS. We performed a systematic review 
and meta-analysis of neuropsychological studies in patients with bvFTD and 
healthy volunteers, and compared the results to our previous meta-analysis 
of the cognitive profile of patients with ALS.13
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METHODS

Literature search
Medline (1966-2017), Embase (1970-2017) and PsycInfo (1970-2017) were 
searched on November 29th 2017 for neuropsychological studies of patients 
with bvFTD, written in English, German, French or Dutch. Two authors 
screened all abstracts and evaluated full-text articles (EB and MKT for the 
original search in 2014, EB and RG for the updated search). References of 
articles were also screened and considered for inclusion. Keywords included 
frontotemporal dementia (FTD) and its synonyms, cognition and a selection 
of neuropsychological tests (supplementary table e-1). Amyotrophic lateral 
sclerosis (ALS) and its synonyms were also included as key words, due to its 
association with FTD.

Study selection
All studies had to meet the following criteria:

• Inclusion of a control group of healthy subjects.
• Patients had to be diagnosed with bvFTD according to validated clinical 

criteria (Neary or Rascovsky criteria).10, 16 Patients with other forms of 
frontotemporal lobar degeneration (FTLD) were excluded (i.e. patients 
with semantic dementia or progressive non-fluent aphasia). When these 
patients were also studied, data of patients with bvFTD had to be reported 
separately, in order to allow extraction of their data. When patients with 
ALS or ALS-FTD were included, their data had to be reported separately.

• Age and education matched controls had to be included or, when controls 
were not matched, norm scores corrected for age and education had to be 
used (i.e. T-score, z-score).

• Data of at least one validated neuropsychological test had to be reported. 
When studies had only performed the mini mental state examination 
(MMSE), dementia screening tests and/or IQ tests, they were not included. 
In order to allow conversion to effect sizes, the mean and SD of raw test 
scores, T-scores or z-scores for patients and controls had to be reported.

• Studies had to report unique cohorts. If papers had reported data of the 
same cohort, the study with the largest sample was included.

With the exception of patients with other forms of FTLD, there were no other 
exclusion criteria.

Data extraction
We extracted the following demographic and clinical variables from the articles: 
age (years), disease duration (months), educational level (years of formal 

education), disease severity (measured with validated dementia rating scales 
or, when these were not available, with results of dementia screening tests), 
use of psychoactive medication and depressive/anxiety symptoms.

We categorized all neuropsychological tests in 10 cognitive domains: social 
cognition, verbal memory, fluency, executive functions, visual memory, language, 
attention, visuoperception, psychomotor speed and visuoconstruction. A 
description of each cognitive domain and the included neuropsychological 
tests can be found in supplementary table e-2. We extracted all the 
neuropsychological test scores, i.e. the mean, standard deviation and number 
of participants of both the patient and control group. To reduce extraction 
errors, data extraction was performed by two authors and differences were 
resolved by consensus (EB, MKT).17

Subgroup analyses
Subgroup analyses were performed to find explanations for moderate or 
substantial heterogeneity in the cognitive domains. The following demographic 
and clinical variables were assessed in the subgroup analyses, based on a 
median split: age (years), educational level (years of formal education), disease 
duration (years) and disease severity (dementia rating scale; i.e. Clinical 
Dementia Rating scale (CDR and CDR sum of boxes), Addenbrooke’s Cognitive 
Evaluation – revised (ACE-R) and the Mattis Dementia Rating Scale (MDRS)).

Statistical analysis
Demographic and clinical variables of the bvFTD meta-analysis and ALS 
meta-analysis were summarized using simple descriptive statistics. When a 
study had presented longitudinal data, only data from the first visit was used 
for analysis. Effect sizes were expressed as Hedges’ g, i.e. mean difference 
between patients with FTD and healthy controls, divided by the pooled SD and 
calculated in Review Manager.18 First, we divided all cognitive tests per study in 
the before-mentioned cognitive domains. Then, we calculated the effect sizes 
for all cognitive domains per study. When studies had reported data of more 
than one test within a specific cognitive domain, an averaged effect size was 
calculated, resulting in only one effect size per study in each cognitive domain. A 
random effects model was used to pool all effect sizes in each cognitive domain. 
A positive effect size indicated impairment of patients with FTD, compared to 
healthy controls. Effect sizes were considered small when < 0.5, moderate when 
between 0.5 and 0.8 and large when > 0.8.19 Statistical heterogeneity among 
studies was assessed with the Cochran’s Q test (c2) and the I2 statistic. The c2 
test measures if differences in the results are compatible with chance alone. The 
I2 statistic is an estimate of the percentage of the variation across studies that 
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is due to heterogeneity rather than chance. I2 cut-off points for low, moderate 
and substantial heterogeneity were 25%, 50% and 75%, respectively.20

To assess the impairment of patients with bvFTD on specific neuropsychological 
tests and to explore heterogeneity, effect sizes of individual tests were 
calculated. This was performed for all tests that were administered in 3 or 
more studies. Statistical uncertainty was expressed in a 95% CI. We used IBM 
Statistics SPSS (V.20) and Review Manager (V.5.3) for the statistical analyses.18

Comparison of the cognitive profiles of bvFTD and ALS
The effect sizes of the bvFTD meta-analysis were compared with the effect sizes 
of our updated meta-analysis of the cognitive profile of ALS, encompassing 
1287 patients and 10 cognitive domains.13 We expected to find some differences 
between the effect sizes of the bvFTD and ALS meta-analyses. Due to exclusion 
of patients with dementia in the ALS meta-analysis, we expected the effect sizes 
of the bvFTD meta-analysis to be systematically larger. However, we assumed 
that the effect size of language would be relatively larger in the ALS meta-
analysis, because in the current meta-analysis on bvFTD, patients with language 
variants of FTLD were excluded.

We compared the bvFTD and ALS effect sizes in two different manners: a visual 
comparison and a comparison using correlation coefficients.

First, we depicted the effect sizes for each cognitive domain of both disorders 
into a graph and visually compared the sizes and directions of the effect sizes 
between bvFTD and ALS. If the cognitive profiles would be similar, a comparable 
pattern would emerge: for example a higher effect size for the executive domain 
compared to the verbal memory domain in both disorders.

Second, we used correlation coefficients to assess the association between 
the effect sizes of bvFTD and ALS. We calculated three Pearson’s rs; the first 
included all cognitive domains except the domains with bias due to motor 
impairment (i.e. psychomotor speed and visuoconstruction); the second 
included all, so-called ALS-specific cognitive domains, and the third included all 
ALS-specific cognitive domains except language. The latter was done because 
we expected a difference between the bvFTD and ALS effect size of this domain, 
given our exclusion criterion (patients with other forms of FTLD, i.e. semantic 
dementia and progressive non-fluent aphasia were excluded). The ALS-specific 
domains were chosen based on recent literature of neuropsychological deficits 
in patients with ALS.13, 21 Accordingly, the domains social cognition, verbal 
memory, fluency, executive functions, language and visuoperception were 

considered ALS-specific. The latter domain is included in the ALS-specific 
domains because it is typically spared in ALS.13

Risk of bias
We assessed the quality of included articles with the Newcastle - Ottawa quality 
assessment scale (maximum score 8 points, higher scores indicating better 
quality).13, 22

We investigated the probability of a relevant publication bias in all cognitive 
domains with the fail-safe N, which was calculated with Rosenberg’s fail-safe 
number calculator.23, 24 This represents the number of studies without an effect 
that would need to be added to the meta-analysis to obtain a non-significant 
pooled effect size, i.e. p > 0.05. We also calculated the tolerance level, as a 
benchmark to assess the observed fail-safe N (5 × number of studies + 10). If 
the fail-safe N is large in comparison to the tolerance level, the observed result 
is considered to be a reliable estimate of the real effect.

RESULTS

The literature search resulted in 9862 hits, of which 848 articles underwent 
full-text evaluation (figure 1). One hundred and twenty articles were included in 
the meta-analysis and their characteristics are shown in supplementary table 
e-3. The reasons for exclusion of the remaining 728 articles can be found in 
the supplementary material (supplementary table e-4).
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Figure 1. Flowchart of literature search and study selection

 

 

Literature search (9862 hits)

Medline
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(duplicates from other 
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PsycInfo
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Full text evaluation

Inclusion in meta-analysis

n=73

Exclusion
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See supplementary material 
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Title and abstract screening

Possibly relevant

n=532

Not relevant

n=6848

Study characteristics
A total of 2425 patients with bvFTD (64.6% male) and 2798 healthy volunteers 
were included in the meta-analysis. The mean (SD) age and educational level 
of the patients was 64.1 (3.4) years and 12.8 (2.7) years, respectively. Disease 
duration was reported in a limited number of studies (n=62, 51.2%), with a 
median (range) of 4.2 (1.0 – 9.2) years. Disease severity, measured with the CDR 
and CDR sum of boxes, ACE-R and MDRS, was reported in 65 studies (54.2%) 
and was moderate in most patients (supplementary table e-3).25-27 The patients 
included in the bvFTD and ALS meta-analyses had approximately the same 
mean age, educational level and sex distribution (table 1). The median MMSE 
was lower in the bvFTD meta-analysis (25.3, range 19.6-28.3) compared to the 
ALS meta-analysis (28.0, range 25.7-29.0).

Table 1. Demographic, disease and study variables of bvFTD and ALS meta-analyses

bvFTD meta-analysis ALS meta-analysis9

Studies (N) 120 44

Patients (N) 2425 1287

Sex (male %) 64.6% 62.8%

Age (years) 64.1 (3.4) 59.2 (3.9)

Educational level (years) 12.7 (2.7) 11.7 (2.3)

Disease duration (years) 4.2 (1 – 9.2) 2.0 (0.7 – 6.7)

MMSE score 25.3 (19.6 – 28.3) 28.0 (25.7 – 29.0)

Neuropsychological tests per study 6 (1 – 30) 8 (1 – 30)

Legend. Numbers are presented as mean (standard deviation) or median (range) when 
appropriate.

Effect sizes of cognitive domains
All cognitive domains showed substantial pooled effect sizes, i.e. impairment of 
patients with bvFTD compared to healthy volunteers. The three largest effect 
sizes were found for the domains social cognition (1.77), verbal memory (1.67) 
and fluency (1.53) (figure 2 and table 2).

For all cognitive domains pooled effect sizes of individual tests within the 
domains were calculated (table 2). The three largest effect sizes were found 
for the recognition memory test – words (2.31; verbal memory), Hayling test 
(2.19; executive function), the awareness of social inference test (1.96; social 
cognition) and Faux pas test (1.96; social cognition).
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Figure 2. Comparison of the pooled effect sizes of the cognitive domains in bvFTD and ALS

Legend. Effect sizes are expressed as Hedges’ g, calculated with a random effects model. Positive 
values indicate impairment in ALS (green) patients and patients with bvFTD (blue), compared 
to healthy volunteers. The domains below the dotted line are affected by bias do to motor 
impairment in the ALS patient group, and are therefore artificially high.
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Heterogeneity
There was moderate to substantial heterogeneity in the domains 
visuoconstruction, psychomotor speed, visual memory, executive functions, 
attention, verbal memory and social cognition (I2 = 51-83%). Low to moderate 
heterogeneity was found for the domains language and fluency (I2 = 40-
47%). Relatively low heterogeneity was found in the domain visuoperception 
(I2 = 10%).

Subgroup analyses
Subgroup analyses were performed for age, disease duration, educational level 
and disease severity (according to two validated dementia ratings scales, or, 
when these were not available, with results of dementia screening tests) and 
are shown in supplementary tables e-5 – e-8. There was little influence of 
age, disease duration and education on any of the cognitive domains. Four 
analyses showed significant differences; more language deficits in younger 
patients, more attention deficits and less visuospatial deficits in patients with 
a lower educational level and more visuoconstruction deficits in patients with 
a shorter disease duration. As expected, the subgroup analysis for disease 
severity showed that patients with a more advanced disease had more cognitive 
deficits, although the only statistically significant difference was found in the 
verbal memory domain.

Comparison of the cognitive profiles of bvFTD and ALS
First, we visually compared the effect sizes of the bvFTD and ALS meta-analyses, 
as shown in figure 2. As expected, the effect sizes of most cognitive domains 
and relevant neuropsychological tests were smaller in patients with ALS than in 
patients with bvFTD. In both disorders social cognition and fluency showed high 
effect sizes and visuoperception showed the lowest effect size. The confidence 
interval of the effect sizes of visuoconstruction in bvFTD overlapped with that of 
ALS, indicating that the patients with ALS were as impaired on these domains 
as the patients with bvFTD. The confidence intervals of psychomotor speed 
in bvFTD and ALS almost overlapped, indicating that both patient groups are 
similarly impaired in this domain. When the differences between the remaining 
effect sizes for each domain are considered (upper eight effect sizes in figure 
2), the difference between the effect sizes of language between bvFTD and ALS 
is smaller, compared to that of other domains.

Second, Pearson’s r correlation coefficient was calculated for all cognitive 
domains without bias due to motor impairment was 0.58 (p=0.13). We also 
calculated Pearson’s r correlation coefficient for ALS-specific cognitive domains 
(social cognition, verbal memory, fluency, executive functions, language and 
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visuoperception), which was 0.73 (p=0.09). Pearson’s r of the ALS-specific 
domains without language was 0.92 (p=0.03).

Risk of bias
The quality assessment with the Newcastle - Ottawa scale showed scores 
between 4 and 7 points (maximum score 9). In all but one study, patients and 
healthy volunteers were matched for age and education. The study without 
matching of patients and healthy volunteers used standardized scores. In all 
cognitive domains, the risk of a publication bias was low, i.e. the fail-safe N 
was at least two times higher than the tolerance level, which indicates that 
the presence of a publication bias is unlikely to have influenced the results.

DISCUSSION

The current meta-analysis was performed to define the cognitive profile of 
bvFTD and to examine similarities with that of ALS. We chose to exclude 
language variants of FTLD to reduce heterogeneity and because they less often 
occur in combination with ALS.6 The cognitive profile of bvFTD consists of deficits 
in social cognition, fluency and other executive functions and also includes 
verbal memory impairment, together with a relatively spared visuoperception. 
A comparison of the cognitive profiles of bvFTD and ALS shows similarities, 
notwithstanding cognitive deficits are more severe in patients with bvFTD in 
most domains. In both disorders, considerable impairment in social cognition, 
fluency and verbal memory was found, whereas impairment of visual memory 
and attention was less prominent with visuoperception showing the lowest 
level of impairment. The domains psychomotor speed and visuoconstructive 
functions behave in a different manner in bvFTD and ALS, which can be partly 
explained by physical impairment resulting in overestimation of psychomotor 
speed and visuoconstructive function deficits in patients with ALS.

Social cognition in bvFTD
The domain social cognition showed a large effect size in bvFTD and is thus 
an important component of the cognitive profile of bvFTD. Social cognition is 
a complex entity including theory of mind, which is the ability to infer mental 
states of others, such as their thoughts, beliefs and intentions.28 Social cognition 
has a complex anatomical basis, including the frontostriatal network, temporo-
occipital tracts, ventromedial prefrontal cortex and the amygdala, and therefore 
tests within this domain are highly mentally demanding.29 The faux pas test, 
for example, consists of stories of approximately six to eight sentences and 
requires adequate attention and working memory (closely related to executive 
functioning).30 In ALS, the presence of an association between deficits in 

social cognition and executive dysfunction is unclear: a negative study (which 
specifically addressed this issue) is refuted by a recent meta-analysis of social 
cognition in ALS that showed an association between deficits in social cognition 
and executive functions.5, 31

In conclusion, social cognition involves high-level cognitive functioning and can 
be easily disrupted in bvFTD and ALS. One could argue that social cognition 
deficits are therefore likely to occur in early stages of bvFTD and ALS and may 
show progression over time.32 This should be investigated in a longitudinal 
study including only early-stage bvFTD and patients with ALS. If confirmed, 
this could attribute to the early detection of cognitive impairment in patients 
with ALS.29

Memory in bvFTD
According to the consensus criteria for bvFTD, episodic memory is relatively 
spared in bvFTD.10 Our findings of a large effect size for the domain verbal 
memory suggests that memory, in particular verbal memory, is less spared in 
bvFTD than previously thought. Previous findings of a similar degree of episodic 
memory deficits in patients with bvFTD and patients with Alzheimer’s disease, 
and of severe memory deficits in amnestic variants of FTD, in combination 
with the findings of the current review, corroborate the thought that memory 
deficits are part of the cognitive profile of bvFTD.33-36 Our data do not allow for 
a discussion of brain correlates of memory deficits in bvFTD and ALS – that is, 
whether memory deficits are predominantly associated with executive deficits 
related to frontal lobe dysfunction, or based on encoding difficulties related to 
hippocampal dysfunction. Nevertheless, the assumption that memory changes 
in bvFTD (and ALS) are primarily based on executive deficits is challenged by 
MRI studies in patients with early-stage bvFTD and ALS showing atrophy of the 
hippocampus, and pathological findings of inclusions in the dentate gyrus of 
the hippocampus in patients with ALS and bvFTD.11, 37-40

Exploring heterogeneity
There was considerable statistical heterogeneity in most cognitive domains. 
This can be partly explained by differences in study populations as a result 
of clinical variability – reflected, for example, by the results of the subgroup 
analysis ‘disease severity.’

The clinical diagnosis bvFTD, according to consensus criteria, is based on the 
presence of abnormalities in three out of six domains of behavioural/cognitive 
symptoms. The presence of cognitive symptoms constitutes one of these six 
domains. Consequently, cognitive symptoms do not have be present in order 
to diagnose bvFTD, which has probably contributed to statistical heterogeneity 
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in our study.10 This is further exemplified by wide confidence intervals of some 
cognitive domains of patients with bvFTD (e.g. social cognition, verbal memory 
and visual memory).

Besides clinical variability, other explanations for statistical heterogeneity 
in our study include the grouping of various neuropsychological tests into 
one domain. The classification of neuropsychological tests in different 
domains can be argued, as tests are never process-pure. We aimed for a 
functional classification, by using a-priori theory and convention to group the 
neuropsychological tests.41 Furthermore, we grouped neuropsychological tests 
in agreement with other meta-analyses on cognitive impairment, and our own 
previous ALS meta-analysis, in order to enable a comparison between the 
bvFTD and ALS meta-analyses.42-44

Nevertheless, different sensitivities to pathology across tests can lead to 
diverging effect sizes of tests within a domain, and accordingly, a higher level 
of statistical heterogeneity. See for example different effect sizes in the social 
cognition domain of the Ekman test (Hedges’ g = 1.89; CI 1.46 to 2.51) and 
theory of mind (Hedges’ g = 0.85; CI 0.41 to 1.29).

Comparison of the cognitive profiles of bvFTD and ALS
Our study shows similarities between the cognitive profiles of bvFTD and ALS. 
The domains social cognition, verbal memory and fluency are most impaired 
in both diseases, with relative sparing of visuoperception. We also showed 
less severe language deficits in patients with bvFTD, compared to for example 
impairments in social cognition and verbal memory. In the ALS meta-analysis, 
we have shown that language impairment occurred frequently with one of the 
largest effect sizes. This difference between bvFTD and ALS can be explained by 
exclusion of language variants of FTD in the current meta-analysis. Although it 
is well known that a minority of patients with ALS develops semantic dementia 
or progressive non-fluent aphasia without behavioural changes, in this study we 
have chosen to include patients with the behavioural subtype of FTLD only.45-

47 We felt that inclusion of the language subtypes of FTLD would have led to a 
high level of heterogeneity (in particular regarding the language domain) and 
difficulties in interpreting the results. Furthermore the incidence of bvFTD in 
combination with ALS is higher than that of the language subtypes of FTLD.48 
The presence of a cognitive disease continuum between bvFTD and ALS 
could be corroborated when trajectories of cognitive deterioration are similar 
between the disorders. A relatively low number of longitudinal studies, however, 
prevented a meta-analysis of the courses of cognitive decline in ALS. A limited 
number of longitudinal neuropsychological studies in ALS so far, failed to show 
a consistent pattern of progression of cognitive deficits – longitudinal studies 

on behavioural changes in ALS are even more scarce. These kinds of studies 
in patients with ALS are hampered by loss to follow-up due to progression of 
motor symptoms, including nocturnal hypoventilation or daytime hypercapnia 
due to respiratory insufficiency.49-51 The latter complicates the interpretation 
of the nature of cognitive and behavioural changes in end-stage ALS. A future 
study in early-onset patients with ALS (i.e. disease duration < 1 year) with 
longitudinal (e.g. home-based) assessment of cognitive, behavioural and 
respiratory functions in late-stage ALS, may add relevant new information to 
the ongoing debate on the progression of cognitive deficits in ALS and the 
cognitive disease continuum between ALS and bvFTD.

Limitations
In addition to its strengths, i.e. a systematic analysis of a large number of studies, 
data extraction by two authors and a well-defined patient group, the current 
meta-analysis has some limitations, of which considerable heterogeneity in 
most cognitive domains has been described above.

The data does not allow for meta-analysing subgroups based on biomarker, 
genetic or pathological findings: in 8 (out of 120) included studies, the authors 
included and/or excluded (a proportion) of participants based on CSF findings 
(Aβ42, t and p-t, n=7)) or amyloid PET (n=3) results. Pathogenic mutations 
(MAPT, C9orf72 and PGRN) were reported in 5 articles. Therefore, it is not 
possible to draw conclusions about the cognitive profile of bvFTD and ALS 
subtypes based on these criteria.

Furthermore, some of the included studies were performed by the same 
research group. In order to prevent including the same patient group twice, we 
carefully checked the method sections of different papers by the same research 
group, in particular when longitudinal data were presented. Also, demographic 
characteristics and results of neuropsychological tests batteries performed by 
the same research group were compared, to exclude entirely similar cohorts. 
Although we cannot completely rule out the possibility that the same patient 
cohort was included twice, we are fairly confident that this is not the case. 
Also, because of the large number of participants and the robust results of the 
effect sizes and CIs, the inclusion of the same patient cohort would probably 
not significantly influence our results.

Finally, our findings do not exclude the possibility that the shared cognitive 
profile of ALS and bvFTD is a reflection of a common cognitive profile of 
neurodegenerative diseases in general, because we did not include other 
neurodegenerative disorders. To further investigate this we recommend 
comparisons of cognitive profiles of bvFTD and ALS with those of other 
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neurodegenerative diseases, such as Parkinson’s disease and Huntington’s 
disease.

In conclusion, we have determined the cognitive profile of bvFTD and have 
indicated that the cognitive profiles of bvFTD and ALS show similarities. The 
findings support the existence of a cognitive continuum between bvFTD and ALS 
and may direct cognitive testing of ALS and patients with bvFTD. Based on our 
meta-analytic results of individual tests, a combination of neuropsychological 
tests could be proposed to be used in patient care and scientific studies of 
bvFTD and patients with ALS. The following tests show relatively large effects 
sizes and low measures of heterogeneity within domains and, together, cover 
most of the cognitive changes in bvFTD and ALS: Ekman test (social cognition), 
auditory verbal learning test (verbal memory), letter fluency (fluency), Hayling 
test (executive functions), doors test (visual memory) and Boston naming test 
(language).

ACKNOWLEDGMENTS

The authors thank René Spijker for his help with the literature search.

REFERENCES

1. Montuschi A, Iazzolino B, Calvo A, et al. Cognitive correlates in amyotrophic 
lateral sclerosis: a population-based study in Italy. J Neurol Neurosurg Psychiatry. 
2015;86(2):168-73.

2. Raaphorst J, de Visser M, van Tol MJ, et al. Cognitive dysfunction in lower motor 
neuron disease: executive and memory deficits in progressive muscular atrophy. 
J Neurol Neurosurg Psychiatry. 2011;82(2):170-5.

3. Phukan J, Elamin M, Bede P, et al. The syndrome of cognitive impairment in 
amyotrophic lateral sclerosis: a population-based study. J Neurol Neurosurg 
Psychiatry. 2012;83(1):102-8.

4. Goldstein LH, Abrahams S. Changes in cognition and behaviour in amyotrophic 
lateral sclerosis: nature of impairment and implications for assessment. Lancet 
Neurol. 2013;12(4):368-80.

5. Girardi A, Macpherson SE, Abrahams S. Deficits in emotional and social cognition 
in amyotrophic lateral sclerosis. Neuropsychology. 2011;25(1):53-65.

6. Strong MJ, Abrahams S, Goldstein LH, et al. Amyotrophic lateral sclerosis - 
frontotemporal spectrum disorder (ALS-FTSD): Revised diagnostic criteria. 
Amyotroph Lateral Scler Frontotemporal Degener. 2017;18(3-4):153-74.

7. Burrell JR, Halliday GM, Kril JJ, et al. The frontotemporal dementia-motor neuron 
disease continuum. Lancet. 2016;388:919-31.

8. Abrahams S, Leigh PN, Goldstein LH. Cognitive change in ALS: a prospective study. 
Neurology. 2005;64(7):1222-6.

9. Lakerveld J, Kotchoubey B, Kubler A. Cognitive function in patients with late stage 
amyotrophic lateral sclerosis. J Neurol Neurosurg Psychiatry. 2008;79(1):25-9.

10. Rascovsky K, Hodges JR, Knopman D, et al. Sensitivity of revised diagnostic criteria for 
the behavioural variant of frontotemporal dementia. Brain. 2011;134(Pt 9):2456-77.

11. Raaphorst J, van Tol MJ, de Visser M, et al. Prose memory impairment in 
amyotrophic lateral sclerosis patients is related to hippocampus volume. Eur J 
Neurol. 2015;22(3):547-54.

12. Abdulla S, Machts J, Kaufmann J, et al. Hippocampal degeneration in patients with 
amyotrophic lateral sclerosis. Neurobiol Aging. 2014;35(11):2639-45.

13. Beeldman E, Raaphorst J, Klein Twennaar M, et al. The cognitive profile of ALS: 
a systematic review and meta-analysis update. J Neurol Neurosurg Psychiatry 
2016;87(6):611-9.

14. Hanagasi HA, Gurvit IH, Ermutlu N, et al. Cognitive impairment in amyotrophic 
lateral sclerosis: evidence from neuropsychological investigation and event-related 
potentials. Brain Res Cogn Brain Res. 2002;14(2):234-44.

15. Palmieri A, Naccarato M, Abrahams S, et al. Right hemisphere dysfunction and 
emotional processing in ALS: an fMRI study. J Neurol. 2010;257(12):1970-8.

16. Neary D, Snowden JS, Gustafson L, et al. Frontotemporal lobar degeneration: a 
consensus on clinical diagnostic criteria. Neurology. 1998;51(6):1546-54.

17. Gotzsche PC, Hrobjartsson A, Maric K, et al. Data extraction errors in meta-
analyses that use standardized mean differences. JAMA. 2007;298(4):430-7.

18. Review Manager. 5.2 ed. Copenhagen: The Nordic Cochrane Centre,: The Cochrane 
Collaboration; 2013.

3



82 83

The cognitive profile of bvFTD and its similarities with ALSChapter 3

19. Cochrane Handbook for Systematic Reviews of Interventions. Version 5.1.0 ed: The 
Cochrane Collaboration; 2011 March 2011.

20. Higgins JP, Thompson SG, Deeks JJ, et al. Measuring inconsistency in meta-analyses. 
BMJ. 2003;327(7414):557-60.

21. Niven E, Newton J, Foley J, et al. Validation of the Edinburgh Cognitive and 
Behavioural Amyotrophic Lateral Sclerosis Screen (ECAS): A cognitive tool for 
motor disorders. Amyotroph Lateral Scler Frontotemporal Degener. 2015;16(3-
4):172-9.

22. Wells G, Shea B, O’connell D, et al. The Newcastle-Ottawa Scale (NOS) for assessing 
the quality of nonrandomised studies in meta-analyses. 2000.

23. Rosenberg MS. The file-drawer problem revisited: a general weighted method for 
calculating fail-safe numbers in meta-analysis. Evolution. 2005;59(2):464-8.

24. Rosenthal R. The “file drawer problem” and tolerance for null results. Psychological 
Bulletin. 1979;86(3):638-41.

25. Hughes CP, Berg L, Danziger WL, et al. A new clinical scale for the staging of 
dementia. Br J Psychiatry. 1982;140:566-72.

26. Mattis S. Dementia Rating Scale. Professional manual: Psychological Assessment 
Resources; 1988.

27. Mathuranath PS, Nestor PJ, Berrios GE, et al. A brief cognitive test battery to 
differentiate Alzheimer’s disease and frontotemporal dementia. Neurology. 
2000;55(11):1613-20.

28. Bodden ME, Mollenhauer B, Trenkwalder C, et al. Affective and cognitive Theory 
of Mind in patients with parkinson’s disease. Parkinsonism & Related Disorders. 
2010;16(7):466-70.

29. Elamin M, Pender N, Hardiman O, et al. Social cognition in neurodegenerative 
disorders: a systematic review. J Neurol Neurosurg Psychiatry. 2012;83(11):1071-9.

30. Stone VE, Baron-Cohen S, Knight RT. Frontal lobe contributions to theory of mind. 
J Cog Neurosci. 1998;10(5):640-56.

31. Bora E. Meta-analysis of social cognition in amyotrophic lateral sclerosis. Cortex. 
2017;88:1-7.

32. Trojsi F, Siciliano M, Russo A, et al. Theory of Mind and Its Neuropsychological and 
Quality of Life Correlates in the Early Stages of Amyotrophic Lateral Sclerosis. Front 
Psychol. 2016;7:1934.

33. Onyike CU, Pletnikova O, Sloane KL, et al. Hippocampal sclerosis dementia: An 
amnesic variant of frontotemporal degeneration. Dementia & Neuropsychologia. 
2013;7(1):83-7.

34. Bertoux M, de Souza LC, Corlier F, et al. Two distinct amnesic profiles in behavioral 
variant frontotemporal dementia. Biological Psychiatry. 2014;75(7):582-8.

35. Hornberger M, Piguet O, Graham AJ, et al. How preserved is episodic memory in 
behavioral variant frontotemporal dementia? Neurology. 2010;74(6):472-9.

36. Pennington C, Hodges JR, Hornberger M. Neural correlates of episodic memory in 
behavioral variant frontotemporal dementia. J Alzheimer’s dis. 2011;24(2):261-8.

37. de Souza LC, Chupin M, Bertoux M, et al. Is hippocampal volume a good marker 
to differentiate Alzheimer’s disease from frontotemporal dementia? J Alzheimer’s 
dis. 2013;36(1):57-66.

38. Munoz-Ruiz MA, Hartikainen P, Koikkalainen J, et al. Structural MRI in frontotemporal 
dementia: comparisons between hippocampal volumetry, tensor-based 
morphometry and voxel-based morphometry. PLoS One. 2012;7(12):e52531.

39. Kovacs GG, Rozemuller AJ, van Swieten JC, et al. Neuropathology of the 
hippocampus in FTLD-Tau with Pick bodies: A study of the BrainNet Europe 
Consortium. Neuropathol Appl Neurobiol. 2013;39(2):166-78.

40. van de Pol LA, Hensel A, van der Flier WM, et al. Hippocampal atrophy on MRI in 
frontotemporal lobar degeneration and Alzheimer’s disease. J Neurol Neurosurg 
Psychiatry. 2006;77(4):439-42.

41. Strauss E, Sherman E, Spreen O. A compendium of Neuropsychological Tests: 
administration, norms and commentary, third edition. Oxford University Press. 
2006.

42. Raaphorst J, Beeldman E, de Visser M, et al. A systematic review of behavioural 
changes in motor neuron disease. Amyotroph Lateral Scler. 2012(0):1-9.

43. Muslimovic D, Post B, Speelman JD, et al. Cognitive profile of patients with newly 
diagnosed Parkinson disease. Neurology. 2005;65(8):1239-45.

44. Okkersen K, Buskes M, Groenewoud J, et al. The cognitive profile of myotonic 
dystrophy type 1: A systematic review and meta-analysis. Cortex. 2017;95:143-55.

45. Phukan J, Pender NP, Hardiman O. Cognitive impairment in amyotrophic lateral 
sclerosis. Lancet Neurol. 2007;6(11):994-1003.

46. Bak TH, Hodges JR. The effects of motor neurone disease on language: further 
evidence. Brain Lang. 2004;89(2):354-61.

47. Caselli RJ, Windebank AJ, Petersen RC, et al. Rapidly progressive aphasic dementia 
and motor neuron disease. Ann Neurol. 1993;33(2):200-7.

48. Saxon JA, Harris JM, Thompson JC, et al. Semantic dementia, progressive non-
fluent aphasia and their association with amyotrophic lateral sclerosis. J Neurol 
Neurosurg Psychiatry. 2017;88(8):711-2.

49. Schreiber H, Gaigalat T, Wiedemuth-Catrinescu U, et al. Cognitive function in 
bulbar- and spinal-onset amyotrophic lateral sclerosis. A longitudinal study in 52 
patients. J Neurol. 2005;252(7):772-81.

50. Robinson KM, Lacey SC, Grugan P, et al. Cognitive functioning in sporadic 
amyotrophic lateral sclerosis: a six month longitudinal study. J Neurol Neurosurg 
Psychiatry. 2006;77(5):668-70.

51. Kasper E, Zydatiss K, Schuster C, et al. No Change in Executive Performance in ALS 
Patients: A Longitudinal Neuropsychological Study. Neurodegener Dis. 2016;16(3-
4):184-91.

3



84 85

The cognitive profile of bvFTD and its similarities with ALSChapter 3

SUPPLEMENTAL MATERIAL

Table e-1. Key words used in the literature search

FTD, frontotemporal dementia, FTLD, 
pick’s disease, frontal variant FTD, 
frontal variant dementia, bvFTD, f-FTD, 
frontotemporal (lobar) degeneration, 
presenile dementia

OR amyotrophic lateral sclerosis, ALS, 
motor neuron(e) disease, MND, Gehrig

AND

cognition, mild cognitive impairment, cognition disorders, language disorders, (neuro)
psychological tests, language (tests), memory, MMSE, Mini Mental State Examination, theory 
of mind, Frontal Assessment Battery, Boston Naming, Wisconsin Card Sorting Test, Stroop test, 
trail making test, aptitude tests

Ta
bl

e 
e-

2.
 O

ve
rv

ie
w

 o
f t

es
ts

 u
se

d 
in

 th
e 

co
gn

iti
ve

 d
om

ai
ns

Co
gn

it
iv

e 
do

m
ai

n
Co

gn
it

iv
e 

sk
ill

s 
te

st
ed

 w
it

hi
n 

th
e 

co
gn

it
iv

e 
do

m
ai

n
Fr

eq
ue

nt
ly

 u
se

d 
ne

ur
op

sy
ch

ol
og

ic
al

 te
st

s 
w

it
hi

n 
th

e 
co

gn
it

iv
e 

do
m

ai
n

So
ci

al
 c

og
ni

tio
n

So
ci

al
 p

er
ce

pt
io

n,
 r

ec
og

ni
tio

n 
of

 e
xp

re
ss

ed
 e

m
ot

io
ns

, 
un

de
rs

ta
nd

in
g 

so
ci

al
 c

au
sa

lit
y 

an
d 

th
eo

ry
 o

f m
in

d
Ek

m
an

 6
0 

fa
ce

s 
te

st
, f

au
x 

pa
s 

te
st

, r
ea

di
ng

 th
e 

m
in

d 
in

 th
e 

ey
es

 te
st

, 
th

eo
ry

 o
f m

in
d,

 T
he

 A
w

ar
en

es
s 

of
 S

oc
ia

l I
nf

er
en

ce
 T

es
t

Ve
rb

al
 m

em
or

y
Re

ca
ll 

of
 u

na
ss

oc
ia

te
d 

w
or

ds
 a

nd
 s

ho
rt

 s
to

rie
s

Au
di

to
ry

 v
er

ba
l 

le
ar

ni
ng

 t
es

t, 
lo

gi
ca

l 
m

em
or

y 
te

st
, 

re
co

gn
iti

on
 

m
em

or
y 

te
st

 –
 w

or
ds

, f
re

e 
an

d 
cu

ed
 s

el
ec

tiv
e 

re
m

in
di

ng
 te

st

Fl
ue

nc
y

M
en

ta
l l

ex
ic

on
 a

nd
 e

xe
cu

tiv
e 

co
nt

ro
l

Le
tt

er
 fl

ue
nc

y, 
ca

te
go

ry
 fl

ue
nc

y, 
de

si
gn

 fl
ue

nc
y

Ex
ec

ut
iv

e 
fu

nc
tio

ns
M

en
ta

l fl
ex

ib
ili

ty
, t

as
k-

sw
itc

hi
ng

, s
tr

at
eg

ic
 p

la
nn

in
g 

an
d 

su
pp

re
ss

io
n 

ab
ili

ty
Tr

ai
l m

ak
in

g 
te

st
 p

ar
t 

B
, s

tr
oo

p 
te

st
 p

ar
t 

B
, I

ow
a 

ga
m

bl
in

g 
te

st
, 

W
is

co
ns

in
 c

ar
d 

so
rt

in
g 

te
st

, h
ay

lin
g 

se
nt

en
ce

 c
om

pl
et

io
n 

te
st

, b
rix

to
n 

te
st

Vi
su

al
 m

em
or

y
Vi

su
os

pa
tia

l m
em

or
y 

an
d 

vi
su

al
 r

ec
og

ni
tio

n 
of

 o
bj

ec
ts

 
an

d 
fa

ce
s

Re
y 

co
m

pl
ex

 fi
gu

re
 t

es
t 

pa
rt

 B
, f

ac
e 

re
co

gn
iti

on
 t

as
k,

 d
oo

rs
 t

es
t, 

re
co

gn
iti

on
 m

em
or

y 
te

st
 –

 fa
ce

s

Vi
su

oc
on

st
ru

ct
io

n
Ab

ili
ty

 to
 c

op
y 

co
m

pl
ex

 fi
gu

re
s

Re
y 

co
m

pl
ex

 fi
gu

re
 te

st
 p

ar
t A

La
ng

ua
ge

N
am

in
g 

an
d 

pi
ct

ur
e 

an
d 

w
or

d 
co

m
pr

eh
en

si
on

Bo
st

on
 n

am
in

g 
te

st
, p

ea
bo

dy
 p

ic
tu

re
 v

oc
ab

ul
ar

y 
te

st
, p

ira
m

id
s 

an
d 

pa
lm

 tr
ee

s 
te

st
, t

ok
en

 te
st

, w
es

te
rn

 a
ph

as
ia

 b
at

te
ry

, S
yd

ne
y 

la
ng

ua
ge

 
ba

tt
er

y, 
Br

iti
sh

 p
ic

tu
re

 v
oc

ab
ul

ar
y 

sc
al

e

At
te

nt
io

n
Ve

rb
al

 a
nd

 v
is

ua
l w

or
ki

ng
 m

em
or

y 
an

d 
as

so
ci

ab
ili

ty
D

ig
it 

sp
an

 fo
rw

ar
d,

 d
ig

it 
sp

an
 b

ac
kw

ar
d,

 v
is

ua
l s

pa
n,

 le
tt

er
 n

um
be

r 
se

qu
en

ci
ng

 te
st

Ps
yc

ho
m

ot
or

 s
pe

ed
Pr

oc
es

si
ng

 s
pe

ed
 a

nd
 m

en
ta

l fl
ex

ib
ili

ty
Tr

ai
l m

ak
in

g 
te

st
 p

ar
t A

, s
tr

oo
p 

te
st

 p
ar

t A
, s

ym
bo

l d
ig

it 
su

bs
tit

ut
io

n 
te

st

Vi
su

op
er

ce
pt

io
n

O
bj

ec
t a

nd
 s

pa
ce

 p
er

ce
pt

io
n

Ju
dg

em
en

t o
f l

in
e 

or
ie

nt
at

io
n 

te
st

, v
is

ua
l o

bj
ec

t a
nd

 s
pa

ce
 p

er
ce

pt
io

n 
ba

tt
er

y

Le
ge

nd
. O

nl
y 

fr
eq

ue
nt

ly
 u

se
d 

te
st

s 
ar

e 
in

cl
ud

ed
 in

 th
is

 ta
bl

e,
 i.

e.
 te

st
s 

us
ed

 in
 th

re
e 

or
 m

or
e 

st
ud

ie
s

3



86 87

The cognitive profile of bvFTD and its similarities with ALSChapter 3
Ta

bl
e 

e-
3.

 C
ha

ra
ct

er
is

tic
s 

of
 th

e 
in

cl
ud

ed
 a

rt
ic

le
s

A
ut

ho
r,

 y
ea

r
N

ew
ca

st
le

 O
tt

aw
a 

sc
al

e
Pa

rt
ic

ip
an

ts
(p

/c
)

A
ge

 o
f p

at
ie

nt
s

D
is

ea
se

 
du

ra
ti

on
Ye

ar
s 

of
 

ed
uc

at
io

n
D

is
ea

se
 

se
ve

ri
ty

Se
le

ct
io

n
Co

m
pa

ra
bi

lit
y

Ex
po

su
re

Ir
is

h 
20

13
1

4
2

1
10

/1
0

62
.8

4.
8

11
.8

81
.1

#

Cr
uz

 d
e 

So
uz

a 
20

10
2

3
2

1
17

/1
7

71
.1

-
5.

2
-

Ch
io

ng
 2

01
33

2
2

1
10

/1
6

61
.2

-
16

.6
1.

1*
6.

1§

Ku
m

fo
r 2

01
34

3
2

1
11

/1
5

66
.7

6.
1

11
.2

77
.7

#

D
ie

hl
-S

ch
m

id
 2

00
75

3
2

1
25

/3
3

63
.2

-
12

.8
-

Fi
ne

 2
00

96
2

2
1

25
/9

58
.6

-
16

.5
-

O
’C

al
la

gh
an

 2
01

37
3

2
1

11
/1

5
63

.1
1.

0
12

.2
-

Ca
re

y 
20

08
8

2
2

1
44

/ 2
7

61
.5

-
15

.3
-

Ba
nk

s 
20

08
9

2
2

1
11

/1
5

63
.8

5.
6

15
.9

-

Ir
is

h 
20

13
10

1
2

1
15

/1
5

63
.9

3.
0

12
.3

78
.5

#

As
h 

20
09

11
2

2
1

12
/1

0
64

.8
4.

1
16

.0
-

Co
ut

o 
20

13
12

3
2

1
12

/1
8

69
.8

-
16

.0
-

Co
se

nt
in

o 
20

06
13

2
2

1
12

/1
5

67
.4

6.
0

15
.8

-

Be
rt

ou
x 

20
13

14
3

2
1

20
/3

0
69

.2
3.

3
9.

9
-

Be
rt

ou
x 

20
12

15
2

2
1

37
/3

0
65

.0
-

10
.6

12
6.

5$

Co
lle

tt
e 

20
07

16
2

2
1

13
/2

8
65

.7
-

-
12

7.
3$

Co
lle

tt
e 

20
10

17
4

2
1

12
/2

0
67

.5
-

11
.6

11
8.

7$

Fe
rn

an
de

z-
D

uq
ue

 2
00

518
2

2
1

6/
10

63
.7

-
16

.5
12

5.
7$

Fe
rn

an
de

z-
D

uq
ue

 2
00

719
2

2
1

10
/1

4
61

,0
-

16
.3

-

Ta
bl

e 
e-

3.
 C

on
tin

ue
d.

A
ut

ho
r,

 y
ea

r
N

ew
ca

st
le

 O
tt

aw
a 

sc
al

e
Pa

rt
ic

ip
an

ts
(p

/c
)

A
ge

 o
f p

at
ie

nt
s

D
is

ea
se

 
du

ra
ti

on
Ye

ar
s 

of
 

ed
uc

at
io

n
D

is
ea

se
 

se
ve

ri
ty

Se
le

ct
io

n
Co

m
pa

ra
bi

lit
y

Ex
po

su
re

Fe
rn

an
de

z-
D

uq
ue

 2
00

920
2

2
1

11
/1

2
60

.6
3.

4
16

.1
12

6.
4$

Fe
rn

an
de

z-
D

uq
ue

 2
01

021
2

2
1

9/
10

62
.3

-
16

.2
12

6.
0$

Fi
lip

pi
 2

01
322

4
2

1
12

/3
0

59
.0

2.
7

11
.0

4.
8§

D
ow

ne
y 

20
13

23
3

2
1

20
/2

0
64

,0
5.

5
13

.0
-

Fu
nk

ie
w

ie
z 

20
12

24
3

2
1

22
/3

0
65

.5
-

5.
3

13
1.

4$

G
le

ic
hg

er
rc

ht
 2

01
125

2
2

1
25

/2
6

70
.0

-
15

.9
0.

8*
80

.1
#

G
le

ic
hg

er
rc

ht
 2

01
226

4
2

1
35

/1
4

68
.5

-
13

.6
81

.9
#

G
re

go
ry

 2
00

227
4

2
1

19
/1

6
58

.6
-

11
.6

81
.4

#

H
od

ge
s 

19
99

28
3

2
1

9/
9

57
.0

-
10

.0
-

H
or

nb
er

ge
r 2

01
129

3
2

1
14

/1
8

59
.3

3.
7

11
.8

75
.6

#

H
si

eh
 2

01
230

3
2

1
8/

15
62

.9
-

12
.3

1.
4*

79
.6

#

Ir
is

h 
20

11
31

3
2

1
15

/1
9

61
.6

3.
2

12
.3

78
.1

#

Is
el

la
 2

00
832

3
2

1
18

/4
0

65
.1

-
7.

5
1.

1*

Jo
hn

s 
20

09
33

4
2

1
17

/2
0

66
.6

-
11

.5
-

Jo
hn

so
n 

20
11

34
3

2
1

11
/1

7
59

.8
-

16
.2

6.
1§

Kl
oe

te
rs

 2
01

335
3

2
1

18
/2

8
60

.8
-

11
.6

80
.1

#

Ku
go

 2
00

736
3

2
1

23
/2

5
64

.7
5.

0
11

.2
1.

3*

Ku
m

fo
r 2

01
137

3
2

1
16

/3
7

61
.5

3.
5

12
.1

82
.8

#

3



88 89

The cognitive profile of bvFTD and its similarities with ALSChapter 3

Ta
bl

e 
e-

3.
 C

on
tin

ue
d.

A
ut

ho
r,

 y
ea

r
N

ew
ca

st
le

 O
tt

aw
a 

sc
al

e
Pa

rt
ic

ip
an

ts
(p

/c
)

A
ge

 o
f p

at
ie

nt
s

D
is

ea
se

 
du

ra
ti

on
Ye

ar
s 

of
 

ed
uc

at
io

n
D

is
ea

se
 

se
ve

ri
ty

Se
le

ct
io

n
Co

m
pa

ra
bi

lit
y

Ex
po

su
re

La
is

ne
y 

20
09

38
2

2
1

18
/1

8
67

.2
2.

7
11

.2
-

Le
 B

ou
c 

20
12

39
2

2
1

11
/2

0
58

.7
-

11
.5

-

Lo
ug

h 
20

06
40

2
2

1
31

/1
3

61
.1

-
-

86
.5

#

M
an

es
 2

01
141

2
2

1
43

/1
4

68
.8

-
13

.6
0.

7*
78

.9
#

M
at

us
ze

w
sk

i 2
00

642
2

2
1

20
/2

1
67

.9
-

-
-

M
cK

in
no

n 
20

08
43

2
2

1
8/

16
59

.0
3.

0
15

.5
-

M
en

de
z 

19
98

44
3

2
1

31
/3

1
65

.6
2.

7
14

.1
1.

4*

M
ill

er
 2

01
245

3
2

1
17

/3
6

61
.0

3.
7

12
.0

86
.0

#

0.
7*

O
m

ar
 2

01
146

2
2

1
16

/2
1

64
.7

6.
9

14
.1

-

O
m

ar
 2

01
347

3
2

1
12

/1
7

66
.1

-
-

-

Pa
ch

an
a 

19
96

48
2

2
1

15
/1

6
63

.9
-

15
.2

-

Pe
el

le
 2

00
749

2
2

1
7/

20
60

.0
-

14
.6

-

Pe
nn

in
gt

on
 2

01
150

2
2

1
14

/1
5

59
.7

3.
4

10
.5

-

Po
ss

in
 2

01
251

3
2

1
32

/3
7

59
.4

-
16

.6
-

Po
ss

in
 2

01
152

4
2

1
48

/9
4

61
.8

-
16

.6
-

Ra
hm

an
 1

99
953

3
2

1
8/

8
57

.9
3.

4
-

-

Ra
nk

in
 2

00
954

3
2

1
20

/1
3

60
.0

-
16

.7
1.

1*
6.

6§

Ta
bl

e 
e-

3.
 C

on
tin

ue
d.

A
ut

ho
r,

 y
ea

r
N

ew
ca

st
le

 O
tt

aw
a 

sc
al

e
Pa

rt
ic

ip
an

ts
(p

/c
)

A
ge

 o
f p

at
ie

nt
s

D
is

ea
se

 
du

ra
ti

on
Ye

ar
s 

of
 

ed
uc

at
io

n
D

is
ea

se
 

se
ve

ri
ty

Se
le

ct
io

n
Co

m
pa

ra
bi

lit
y

Ex
po

su
re

Ri
cc

i 2
01

255
3

2
1

15
/2

8
65

.7
-

10
.3

-

Ri
cc

i 2
01

255
3

2
1

11
/1

5
59

.8
-

12
.6

-

Sa
va

ge
 2

01
456

2
2

1
25

/3
0

62
.5

-
11

.8
77

.5
#

Si
lv

er
i 2

00
357

2
2

1
17

/3
4

72
.1

-
8.

9
-

So
uc

ha
y 

20
03

58
3

2
1

6/
16

57
.7

-
9.

8
-

St
op

fo
rd

 2
01

259
4

2
1

26
/2

6
64

.0
6.

0
-

1.
0*

To
rr

al
va

 2
00

760
3

2
1

20
/1

0
67

.2
-

12
.8

85
.6

#

To
rr

al
va

 2
00

961
3

2
1

35
/1

4
67

.2
-

13
.6

81
.9

#

Vi
sk

on
ta

s 
20

11
62

2
2

1
12

/2
1

61
.2

-
15

.3
0.

9*
5.

5§

W
ic

kl
un

d 
20

04
63

3
2

1
16

/2
0

65
.1

4.
4

15
.7

-

Ba
ez

 2
01

464
2

2
1

37
/3

0
66

.0
-

13
.7

-

Be
rt

ou
x 

20
14

65
3

2
1

44
/2

2
67

.0
-

11
.0

-

H
si

eh
 2

01
366

3
2

1
9/

15
62

.5
-

10
.9

4.
9§

Ir
is

h 
20

14
67

2
2

1
19

/1
9

63
.6

3.
9

12
.6

77
.5

#

Ir
is

h 
20

14
68

3
2

1
10

/1
4

63
.6

5.
0

10
.9

77
.2

#

Ka
m

m
in

ga
 2

01
469

2
2

1
8/

11
64

.1
5.

1
11

.6
83

.5
#

Ku
m

fo
r 2

01
470

2
2

1
20

/2
4

66
.6

5.
2

12
.2

79
.7

#

La
ga

rd
e 

20
13

71
2

2
1

16
/1

8
69

.3
5.

3
11

.8
12

4.
7$

Le
m

os
 2

01
472

4
2

1
32

/3
2

68
.6

-
7.

0
1.

0*

3



90 91

The cognitive profile of bvFTD and its similarities with ALSChapter 3

Ta
bl

e 
e-

3.
 C

on
tin

ue
d.

A
ut

ho
r,

 y
ea

r
N

ew
ca

st
le

 O
tt

aw
a 

sc
al

e
Pa

rt
ic

ip
an

ts
(p

/c
)

A
ge

 o
f p

at
ie

nt
s

D
is

ea
se

 
du

ra
ti

on
Ye

ar
s 

of
 

ed
uc

at
io

n
D

is
ea

se
 

se
ve

ri
ty

Se
le

ct
io

n
Co

m
pa

ra
bi

lit
y

Ex
po

su
re

Ru
ss

o 
20

14
73

3
2

1
27

/4
0

66
.5

3.
3

13
.6

6.
2§

As
h 

20
16

74
3

2
1

54
/2

7
63

.7
4.

2
15

.7
-

Ba
ez

 2
01

675
2

2
1

26
/2

3
66

.1
-

15
.2

-

Ba
ez

 2
01

776
2

2
1

16
/2

2
65

.8
-

14
.8

-

Ba
lc

on
i 2

01
577

2
2

1
16

/2
0

65
.6

-
7.

0
-

Be
rt

ou
x 

20
16

78
2

2
1

71
/6

0
65

.9
3.

3
11

.4
-

Be
rt

ou
x 

20
15

79
2

2
1

60
/3

0
66

.1
3.

2
10

.3
-

Br
io

sc
hi

 2
01

580
2

2
1

28
/1

8
59

.2
-

15
.9

-

Ca
ve

do
 2

01
481

3
2

1
16

/2
2

69
.0

-
12

.0
-

Ce
rc

ie
llo

 2
01

782
2

2
1

9/
20

72
.3

-
9.

5
-

Ch
io

ng
 2

01
683

2
2

1
25

/5
8

64
.0

-
16

.9
7.

0§

Cl
ar

k 
20

15
84

3
2

1
22

/2
1

67
.0

9
13

.9
-

Cl
ar

k 
20

15
85

2
2

1
15

/2
1

65
.0

6.
3

17
.0

-

Co
he

n 
20

16
86

2
2

1
11

/3
9

68
.0

8.
5

10
.2

-

Co
ns

on
ni

 2
01

787
2

2
1

15
/4

8
64

.4
3.

5
-

-

Co
ok

 2
01

488
2

2
1

33
/1

5
62

.0
5

16
.0

-

Cu
st

od
io

 2
01

689
3

2
1

34
/2

5
67

.1
-

11
.7

0.
8*

76
.6

#

D
er

m
od

y 
20

16
90

3
2

1
24

/2
2

63
.0

3.
5

12
.4

74
.2

#

D
er

m
od

y 
20

15
91

4
2

1
12

/1
2

63
.2

5.
1

11
.6

78
.8

#

Ta
bl

e 
e-

3.
 C

on
tin

ue
d.

A
ut

ho
r,

 y
ea

r
N

ew
ca

st
le

 O
tt

aw
a 

sc
al

e
Pa

rt
ic

ip
an

ts
(p

/c
)

A
ge

 o
f p

at
ie

nt
s

D
is

ea
se

 
du

ra
ti

on
Ye

ar
s 

of
 

ed
uc

at
io

n
D

is
ea

se
 

se
ve

ri
ty

Se
le

ct
io

n
Co

m
pa

ra
bi

lit
y

Ex
po

su
re

Fe
rn

an
de

z 
20

17
92

3
2

1
26

/2
4

71
.3

3.
9

8.
0

70
.4

#

Fl
an

ag
an

 2
01

693
3

2
1

39
/6

1
60

.6
3.

5
12

.3
-

Fl
et

ch
er

 2
01

594
2

2
1

16
/2

6
66

.0
8.

3
14

.6
-

H
af

ke
m

ei
je

r 2
01

795
2

2
1

12
/2

2
64

.7
5.

0
-

1.
3*

H
ar

dy
 2

01
696

2
2

1
24

/2
4

64
.4

7.
8

14
.8

-

H
ut

ch
in

gs
 2

01
597

2
2

1
16

/1
7

64
.1

5.
1

11
.8

-

Ir
is

h 
20

16
98

3
2

1
15

/2
0

63
.5

3.
8

11
.6

79
.4

#

Jo
hn

en
 2

01
699

4
2

1
24

/3
5

64
.9

2.
7

11
.2

-

Ka
m

m
in

ga
 2

01
510

0
3

2
1

19
/2

0
60

.5
4.

3
11

.3
79

.0
#

Ke
ri 

20
14

10
1

4
2

1
16

/2
0

58
.9

-
11

.7
-

Ku
m

fo
r 2

01
510

2
4

2
1

13
/1

1
62

.5
5.

5
12

.0
77

.0
#

Ku
m

fo
r 2

01
610

3
3

2
1

13
/1

6
60

.2
4.

3
11

.8
77

.5
#

La
ga

rd
e 

20
15

10
4

3
2

1
18

/1
8

69
.7

5.
4

12
.0

12
6.

3$

Le
sl

ie
 2

01
610

5
4

2
1

14
/3

3
62

.7
4.

8
12

.2
68

.2
#

Li
n 

20
16

10
6

2
2

1
15

/1
5

62
.1

5.
1

11
.4

-

M
ah

on
ey

 2
01

510
7

3
2

1
23

/1
8

63
.8

-
15

.5
-

M
an

de
lli

 2
01

610
8

3
2

1
23

/3
4

62
.9

-
16

.1
-

M
et

zg
er

 2
01

610
9

3
2

1
8/

8
67

.6
-

-
-

O
’C

al
la

gh
an

 2
01

611
0

3
2

1
22

/2
2

64
.8

2.
3

12
.0

-

Pr
im

at
iv

o 
20

17
11

1
2

2
1

12
/3

8
67

.7
9.

2
14

.0
-

3



92 93

The cognitive profile of bvFTD and its similarities with ALSChapter 3

Ta
bl

e 
e-

3.
 C

on
tin

ue
d.

A
ut

ho
r,

 y
ea

r
N

ew
ca

st
le

 O
tt

aw
a 

sc
al

e
Pa

rt
ic

ip
an

ts
(p

/c
)

A
ge

 o
f p

at
ie

nt
s

D
is

ea
se

 
du

ra
ti

on
Ye

ar
s 

of
 

ed
uc

at
io

n
D

is
ea

se
 

se
ve

ri
ty

Se
le

ct
io

n
Co

m
pa

ra
bi

lit
y

Ex
po

su
re

Ra
m

an
an

 2
01

511
2

4
2

1
17

/3
5

67
.0

3.
0

15
.8

1.
37

*
62

.3
#

Sa
nt

am
ar

ia
-G

ar
ci

a 
20

17
11

3
2

2
1

20
/2

0
58

.9
3.

1
14

.8
-

Sc
he

rli
ng

 2
01

711
4

3
2

1
17

/3
5

62
.1

-
16

.5
6.

4§

Se
de

no
 2

01
611

5
2

2
1

14
/1

2
66

.4
-

14
.7

-

Ta
n 

20
15

11
6

3
2

1
23

/1
5

62
.0

4.
0

12
.0

74
.0

#

To
rr

al
va

 2
01

511
7

4
2

1
40

/1
8

67
.2

-
15

.0
70

.4
#

Tu
 2

01
511

8
3

2
1

24
/2

3
64

.7
6.

6
11

.8
82

.1
#

W
on

g 
20

14
11

9
3

2
1

22
/3

5
61

.2
3.

8
11

.3
7.1

§

76
.0

#

W
on

g 
20

16
12

0
3

2
1

22
/3

8
61

.0
3.

6
11

.8
5.

6§

76
.3

#

Le
ge

nd
. N

O
S:

 N
ew

ca
st

le
 O

tt
aw

a 
sc

al
e 

(m
ax

im
um

 s
co

re
 8

); 
p:

 p
at

ie
nt

s;
 c

: c
on

tr
ol

s.
 A

ge
 a

nd
 d

is
ea

se
 d

ur
at

io
ns

 a
re

 e
xp

re
ss

ed
 in

 y
ea

rs
. D

is
ea

se
 s

ev
er

ity
 

is
 e

xp
re

ss
ed

 a
s 

sc
or

es
 o

n 
th

e 
Cl

in
ic

al
 D

em
en

tia
 R

at
in

g 
sc

al
e 

(C
D

R*
; s

co
re

s 
fr

om
 0

 to
 3

, h
ig

he
r 

sc
or

es
 in

di
ca

te
 m

or
e 

im
pa

irm
en

t, 
m

ea
n 

sc
or

e 
w

as
 1

.1
, 

in
di

ca
tin

g 
m

ild
 d

em
en

tia
12

1 ),
 A

dd
en

br
oo

ke
’s 

Co
gn

iti
ve

 E
xa

m
in

at
io

n 
– 

Re
vi

se
d 

(A
CE

-R
#
; s

co
re

s 
fr

om
 0

 to
 1

00
, h

ig
he

r 
sc

or
es

 in
di

ca
te

 b
et

te
r 

pe
rf

or
m

an
ce

, 
m

ea
n 

sc
or

e 
w

as
 7

8.
1,

 in
di

ca
tin

g 
m

od
er

at
e 

de
m

en
tia

12
2 ),

 C
D

R 
su

m
 o

f b
ox

es
§ 

(s
co

re
s 

fr
om

 0
 to

 1
8,

 h
ig

he
r 

sc
or

es
 in

di
ca

te
 m

or
e 

im
pa

irm
en

t, 
m

ea
n 

sc
or

e 
w

as
 6

.0
, i

nd
ic

at
in

g 
m

ild
 d

em
en

tia
12

3 ) 
an

d 
th

e 
M

at
tis

 D
em

en
tia

 R
at

in
g 

Sc
al

e 
(M

D
RS

$ ; 
sc

or
es

 fr
om

 0
 to

 1
44

, h
ig

he
r s

co
re

 in
di

ca
te

 b
et

te
r p

er
fo

rm
an

ce
, m

ea
n 

sc
or

e 
w

as
 1

25
.9

, i
nd

ic
at

in
g 

no
 d

em
en

tia
12

4 ).

Supplemental references of all included articles

1. Irish M, Hodges JR, Piguet O. Episodic future thinking is impaired in the behavioural 
variant of frontotemporal dementia. Cortex. 2013;49(9):2377-88.

2. de Souza LC, Volle E, Bertoux M, et al. Poor creativity in frontotemporal dementia: 
a window into the neural bases of the creative mind. Neuropsychologia. 
2010;48(13):3733-42.

3. Chiong W, Wilson SM, D’Esposito M, et al. The salience network causally influences 
default mode network activity during moral reasoning. Brain. 2013;136(Pt 6):1929-41.

4. Kumfor F, Irish M, Hodges JR, et al. The orbitofrontal cortex is involved in emotional 
enhancement of memory: evidence from the dementias. Brain. 2013;136(Pt 
10):2992-3003.

5. Diehl-Schmid J, Pohl C, Ruprecht C, et al. The Ekman 60 Faces Test as a diagnostic 
instrument in frontotemporal dementia. Arch Clin Neuropsychol. 2007;22(4):459-64.

6. Fine EM, Delis DC, Dean D, et al. Left frontal lobe contributions to concept 
formation: a quantitative MRI study of performance on the Delis-Kaplan Executive 
Function System Sorting Test. J Clin Exp Neuropsychol. 2009;31(5):624-31.

7. O’Callaghan C, Naismith SL, Hodges JR, et al. Fronto-striatal atrophy correlates 
of inhibitory dysfunction in Parkinson’s disease versus behavioural variant 
frontotemporal dementia. Cortex. 2013;49(7):1833-43.

8. Carey CL, Woods SP, Damon J, et al. Discriminant validity and neuroanatomical 
correlates of rule monitoring in frontotemporal dementia and Alzheimer’s disease. 
Neuropsychologia. 2008;46(4):1081-7.

9. Banks S, Weintraub S. Self-awareness and self-monitoring of cognitive and behavioral 
deficits in behavioral variant frontotemporal dementia, primary progressive aphasia 
and probable Alzheimer’s disease. Brain Cogn. 2008;67(1):58-68.

10. Irish M, Devenney E, Wong S, et al. Neural substrates of episodic memory 
dysfunction in behavioural variant frontotemporal dementia with and without 
C9ORF72 expansions. Neuroimage Clin. 2013;2:836-43.

11. Ash S, Moore P, Vesely L, et al. Non-Fluent Speech in Frontotemporal Lobar 
Degeneration. J Neurolinguistics. 2009;22(4):370-83.

12. Couto B, Manes F, Montanes P, et al. Structural neuroimaging of social cognition in 
progressive non-fluent aphasia and behavioral variant of frontotemporal dementia. 
Front Hum Neurosci. 2013;7:467.

13. Cosentino S, Chute D, Libon D, et al. How does the brain support script 
comprehension? A study of executive processes and semantic knowledge in 
dementia. Neuropsychology. 2006;20(3):307-18.

14. Bertoux M, Funkiewiez A, O’Callaghan C, et al. Sensitivity and specificity of 
ventromedial prefrontal cortex tests in behavioral variant frontotemporal 
dementia. Alzheimers Dement. 2013;9(5 Suppl):S84-94.

15. Bertoux M, Delavest M, de Souza LC, et al. Social Cognition and Emotional 
Assessment differentiates frontotemporal dementia from depression. J Neurol 
Neurosurg Psychiatry. 2012;83(4):411-6.

16. Collette F, Amieva H, Adam S, et al. Comparison of inhibitory functioning in mild 
Alzheimer’s disease and frontotemporal dementia. Cortex. 2007;43(7):866-74.

3



94 95

The cognitive profile of bvFTD and its similarities with ALSChapter 3

17. Collette F, Van der Linden M, Salmon E. Dissociation between controlled and 
automatic processes in the behavioral variant of fronto-temporal dementia. J 
Alzheimers Dis. 2010;22(3):897-907.

18. Fernandez-Duque D, Black SE. Impaired recognition of negative facial emotions in 
patients with frontotemporal dementia. Neuropsychologia. 2005;43(11):1673-87.

19. Fernandez-Duque D, Black SE. Metacognitive judgment and denial of deficit: 
Evidence from frontotemporal dementia. Judgment and Decision Making. 
2007;2(5):359-70.

20. Fernandez-Duque D, Baird JA, Black SE. False-belief understanding in 
frontotemporal dementia and Alzheimer’s disease. J Clin Exp Neuropsychol. 
2009;31(4):489-97.

21. Fernandez-Duque D, Hodges SD, Baird JA, et al. Empathy in frontotemporal 
dementia and Alzheimer’s disease. J Clin Exp Neuropsychol. 2010;32(3):289-98.

22. Filippi M, Agosta F, Scola E, et al. Functional network connectivity in the behavioral 
variant of frontotemporal dementia. Cortex. 2013;49(9):2389-401.

23. Downey LE, Blezat A, Nicholas J, et al. Mentalising music in frontotemporal 
dementia. Cortex. 2013;49(7):1844-55.

24. Funkiewiez A, Bertoux M, de Souza LC, et al. The SEA (Social cognition and Emotional 
Assessment): a clinical neuropsychological tool for early diagnosis of frontal variant 
of frontotemporal lobar degeneration. Neuropsychology. 2012;26(1):81-90.

25. Gleichgerrcht E, Roca M, Manes F, et al. Comparing the clinical usefulness of the 
Institute of Cognitive Neurology (INECO) Frontal Screening (IFS) and the Frontal 
Assessment Battery (FAB) in frontotemporal dementia. J Clin Exp Neuropsychol. 
2011;33(9):997-1004.

26. Gleichgerrcht E, Torralva T, Roca M, et al. Decision making cognition in primary 
progressive aphasia. Behav Neurol. 2012;25(1):45-52.

27. Gregory C, Lough S, Stone V, et al. Theory of mind in patients with frontal variant 
frontotemporal dementia and Alzheimer’s disease: theoretical and practical 
implications. Brain. 2002;125(Pt 4):752-64.

28. Hodges JR, Patterson K, Ward R, et al. The differentiation of semantic dementia 
and frontal lobe dementia (temporal and frontal variants of frontotemporal 
dementia) from early Alzheimer’s disease: a comparative neuropsychological study. 
Neuropsychology. 1999;13(1):31-40.

29. Hornberger M, Geng J, Hodges JR. Convergent grey and white matter evidence 
of orbitofrontal cortex changes related to disinhibition in behavioural variant 
frontotemporal dementia. Brain. 2011;134(Pt 9):2502-12.

30. Hsieh S, Foxe D, Leslie F, et al. Grief and joy: emotion word comprehension in the 
dementias. Neuropsychology. 2012;26(5):624-30.

31. Irish M, Hornberger M, Lah S, et al. Profiles of recent autobiographical memory 
retrieval in semantic dementia, behavioural-variant frontotemporal dementia, and 
Alzheimer’s disease. Neuropsychologia. 2011;49(9):2694-702.

32. Isella V, Mapelli C, Morielli N, et al. Age-related quantitative and qualitative changes 
in decision making ability. Behav Neurol. 2008;19(1-2):59-63.

33. Johns EK, Phillips NA, Belleville S, et al. Executive functions in frontotemporal 
dementia and Lewy body dementia. Neuropsychology. 2009;23(6):765-77.

34. Johnson JK, Chang CC, Brambati SM, et al. Music recognition in frontotemporal 
lobar degeneration and Alzheimer disease. Cogn Behav Neurol. 2011;24(2):74-84.

35. Kloeters S, Bertoux M, O’Callaghan C, et al. Money for nothing - Atrophy correlates 
of gambling decision making in behavioural variant frontotemporal dementia and 
Alzheimer’s disease. Neuroimage Clin. 2013;2:263-72.

36. Kugo A, Terada S, Ata T, et al. Japanese version of the Frontal Assessment Battery 
for dementia. Psychiatry Res. 2007;153(1):69-75.

37. Kumfor F, Miller L, Lah S, et al. Are you really angry? The effect of intensity on facial 
emotion recognition in frontotemporal dementia. Soc Neurosci. 2011;6(5-6):502-14.

38. Laisney M, Matuszewski V, Mezenge F, et al. The underlying mechanisms of verbal 
fluency deficit in frontotemporal dementia and semantic dementia. J Neurol. 
2009;256(7):1083-94.

39. Le Bouc R, Lenfant P, Delbeuck X, et al. My belief or yours? Differential theory 
of mind deficits in frontotemporal dementia and Alzheimer’s disease. Brain. 
2012;135(Pt 10):3026-38.

40. Lough S, Kipps CM, Treise C, et al. Social reasoning, emotion and empathy in 
frontotemporal dementia. Neuropsychologia. 2006;44(6):950-8.

41. Manes F, Torralva T, Ibanez A, et al. Decision-making in frontotemporal dementia: 
clinical, theoretical and legal implications. Dement Geriatr Cogn Disord. 
2011;32(1):11-7.

42. Matuszewski V, Piolino P, de la Sayette V, et al. Retrieval mechanisms for 
autobiographical memories: insights from the frontal variant of frontotemporal 
dementia. Neuropsychologia. 2006;44(12):2386-97.

43. McKinnon MC, Nica EI, Sengdy P, et al. Autobiographical memory and patterns 
of brain atrophy in frontotemporal lobar degeneration. J Cogn Neurosci. 
2008;20(10):1839-53.

44. Mendez MF, Doss RC, Cherrier MM. Use of the cognitive estimations test to 
discriminate frontotemporal dementia from Alzheimer’s disease. J Geriatr 
Psychiatry Neurol. 1998;11(1):2-6.

45. Miller LA, Hsieh S, Lah S, et al. One size does not fit all: face emotion processing 
impairments in semantic dementia, behavioural-variant frontotemporal dementia 
and Alzheimer’s disease are mediated by distinct cognitive deficits. Behav Neurol. 
2012;25(1):53-60.

46. Omar R, Henley SM, Bartlett JW, et al. The structural neuroanatomy of music 
emotion recognition: evidence from frontotemporal lobar degeneration. 
Neuroimage. 2011;56(3):1814-21.

47. Omar R, Mahoney CJ, Buckley AH, et al. Flavour identification in frontotemporal 
lobar degeneration. J Neurol Neurosurg Psychiatry. 2013;84(1):88-93.

48. Pachana NA, Boone KB, Miller BL, et al. Comparison of neuropsychological 
functioning in Alzheimer’s disease and frontotemporal dementia. J Int Neuropsychol 
Soc. 1996;2(6):505-10.

49. Peelle JE, Cooke A, Moore P, et al. Syntactic and thematic components of sentence 
processing in progressive nonfluent aphasia and nonaphasic frontotemporal 
dementia. J Neurolinguistics. 2007;20(6):482-94.

50. Pennington C, Hodges JR, Hornberger M. Neural correlates of episodic memory in 
behavioral variant frontotemporal dementia. J Alzheimers Dis. 2011;24(2):261-8.

51. Possin KL, Chester SK, Laluz V, et al. The frontal-anatomic specificity of design 
fluency repetitions and their diagnostic relevance for behavioral variant 
frontotemporal dementia. J Int Neuropsychol Soc. 2012;18(5):834-44.

3



96 97

The cognitive profile of bvFTD and its similarities with ALSChapter 3

52. Possin KL, Laluz VR, Alcantar OZ, et al. Distinct neuroanatomical substrates and 
cognitive mechanisms of figure copy performance in Alzheimer’s disease and 
behavioral variant frontotemporal dementia. Neuropsychologia. 2011;49(1):43-8.

53. Rahman S, Sahakian BJ, Hodges JR, et al. Specific cognitive deficits in mild frontal 
variant frontotemporal dementia. Brain. 1999;122 ( Pt 8):1469-93.

54. Rankin KP, Salazar A, Gorno-Tempini ML, et al. Detecting sarcasm from 
paralinguistic cues: anatomic and cognitive correlates in neurodegenerative 
disease. Neuroimage. 2009;47(4):2005-15.

55. Ricci M, Graef S, Blundo C, et al. Using the Rey Auditory Verbal Learning Test 
(RAVLT) to differentiate alzheimer’s dementia and behavioural variant fronto-
temporal dementia. Clin Neuropsychol. 2012;26(6):926-41.

56. Savage SA, Lillo P, Kumfor F, et al. Emotion processing deficits distinguish pure 
amyotrophic lateral sclerosis from frontotemporal dementia. Amyotroph Lateral 
Scler Frontotemporal Degener. 2014;15(1-2):39-46.

57. Silveri MC, Salvigni BL, Cappa A, et al. Impairment of verb processing in frontal 
variant-frontotemporal dementia: a dysexecutive symptom. Dement Geriatr Cogn 
Disord. 2003;16(4):296-300.

58. Souchay C, Isingrini M, Pillon B, et al. Metamemory accuracy in Alzheimer’s disease 
and frontotemporal lobe dementia. Neurocase. 2003;9(6):482-92.

59. Stopford CL, Thompson JC, Neary D, et al. Working memory, attention, and 
executive function in Alzheimer’s disease and frontotemporal dementia. Cortex. 
2012;48(4):429-46.

60. Torralva T, Kipps CM, Hodges JR, et al. The relationship between affective decision-
making and theory of mind in the frontal variant of fronto-temporal dementia. 
Neuropsychologia. 2007;45(2):342-9.

61. Torralva T, Roca M, Gleichgerrcht E, et al. A neuropsychological battery to detect 
specific executive and social cognitive impairments in early frontotemporal 
dementia. Brain. 2009;132(Pt 5):1299-309.

62. Viskontas IV, Boxer AL, Fesenko J, et al. Visual search patterns in semantic 
dementia show paradoxical facilitation of binding processes. Neuropsychologia. 
2011;49(3):468-78.

63. Wicklund AH, Johnson N, Weintraub S. Preservation of reasoning in primary 
progressive aphasia: further differentiation from Alzheimer’s disease and the 
behavioral presentation of frontotemporal dementia. J Clin Exp Neuropsychol. 
2004;26(3):347-55.

64. Baez S, Manes F, Huepe D, et al. Primary empathy deficits in frontotemporal 
dementia. Front Aging Neurosci. 2014;6:262.

65. Bertoux M, de Souza LC, Corlier F, et al. Two distinct amnesic profiles in behavioral 
variant frontotemporal dementia. Biol Psychiatry. 2014;75(7):582-8.

66. Hsieh S, Irish M, Daveson N, et al. When one loses empathy: its effect on carers of 
patients with dementia. J Geriatr Psychiatry Neurol. 2013;26(3):174-84.

67. Irish M, Piguet O, Hodges JR, et al. Common and unique gray matter correlates 
of episodic memory dysfunction in frontotemporal dementia and Alzheimer’s 
disease. Hum Brain Mapp. 2014;35(4):1422-35.

68. Irish M, Hodges JR, Piguet O. Right anterior temporal lobe dysfunction underlies 
theory of mind impairments in semantic dementia. Brain. 2014;137(Pt 4):1241-53.

69. Kamminga J, O’Callaghan C, Hodges JR, et al. Differential prospective memory 
profiles in frontotemporal dementia syndromes. J Alzheimers Dis. 2014;38(3):669-
79.

70. Kumfor F, Irish M, Leyton C, et al. Tracking the progression of social cognition in 
neurodegenerative disorders. J Neurol Neurosurg Psychiatry. 2014;85(10):1076-83.

71. Lagarde J, Valabregue R, Corvol JC, et al. Are frontal cognitive and atrophy patterns 
different in PSP and bvFTD? A comparative neuropsychological and VBM study. 
PLoS One. 2013;8(11):e80353.

72. Lemos R, Duro D, Simoes MR, et al. The free and cued selective reminding test 
distinguishes frontotemporal dementia from Alzheimer’s disease. Arch Clin 
Neuropsychol. 2014;29(7):670-9.

73. Russo G, Russo MJ, Buyatti D, et al. Utility of the Spanish version of the FTLD-
modified CDR in the diagnosis and staging in frontotemporal lobar degeneration. 
J Neurol Sci. 2014;344(1-2):63-8.

74. Ash S, Ternes K, Bisbing T, et al. Dissociation of quantifiers and object nouns in 
speech in focal neurodegenerative disease. Neuropsychologia. 2016;89:141-52.

75. Baez S, Morales JP, Slachevsky A, et al. Orbitofrontal and limbic signatures of 
empathic concern and intentional harm in the behavioral variant frontotemporal 
dementia. Cortex. 2016;75:20-32.

76. Baez S, Pinasco C, Roca M, et al. Brain structural correlates of executive and social 
cognition profiles in behavioral variant frontotemporal dementia and elderly 
bipolar disorder. Neuropsychologia. 2017:17.

77. Balconi M, Cotelli M, Brambilla M, et al. Understanding Emotions in Frontotemporal 
Dementia: The Explicit and Implicit Emotional Cue Mismatch. Journal of Alzheimer’s 
Disease. 2015;46(1):211-25.

78. Bertoux M, Ramanan S, Slachevsky A, et al. So Close Yet So Far: Executive 
Contribution to Memory Processing in Behavioral Variant Frontotemporal 
Dementia. Journal of Alzheimer’s Disease. 2016;54(3):1005-14.

79. Bertoux M, De Souza LC, Sarazin M, et al. How preserved is emotion recognition 
in Alzheimer disease compared with behavioral variant frontotemporal dementia? 
Alzheimer Dis Assoc Disord. 2015;29(2):154-7.

80. Brioschi Guevara A, Knutson KM, Wassermann EM, et al. Theory of mind 
impairment in patients with behavioural variant fronto-temporal dementia (bv-
FTD) increases caregiver burden. Age & Ageing. 2015;44(5):891-5.

81. Cavedo E, Redolfi A, Angeloni F, et al. The Italian Alzheimer’s Disease Neuroimaging 
Initiative (I-ADNI): validation of structural MR imaging. J Alzheimer’s Dis. 
2014;40(4):941-52.

82. Cerciello M, Isella V, Proserpi A, et al. Assessment of free and cued recall in 
Alzheimer’s disease and vascular and frontotemporal dementia with 24-item 
Grober and Buschke test. Neurolo Sci. 2017;38(1):115-22.

83. Chiong W, Wood KA, Beagle AJ, et al. Neuroeconomic dissociation of semantic 
dementia and behavioural variant frontotemporal dementia. Brain. 2016;139:578-87.

84. Clark CN, Nicholas JM, Gordon E, et al. Altered Sense of Humor in Dementia. J 
Alzheimer’s Dis. 2015;49(1):111-9.

85. Clark CN, Nicholas JM, Henley SM, et al. Humour processing in frontotemporal lobar 
degeneration: A behavioural and neuroanatomical analysis. Cortex. 2015;69:47-59.

3



98 99

The cognitive profile of bvFTD and its similarities with ALSChapter 3

86. Cohen MH, Carton AM, Hardy CJ, et al. Processing emotion from abstract art in 
frontotemporal lobar degeneration. Neuropsychologia. 2016;81:245-54.

87. Consonni M, Rossi S, Cerami C, et al. Executive dysfunction affects word list 
recall performance: Evidence from amyotrophic lateral sclerosis and other 
neurodegenerative diseases. J Neuropsychol. 2017;11(1):74-90.

88. Cook PA, McMillan CT, Avants BB, et al. Relating brain anatomy and cognitive ability 
using a multivariate multimodal framework. Neuroimage. 2014;99:477-86.

89. Custodio N, Herrera-Perez E, Lira D, et al. Evaluation of the INECO Frontal Screening 
and the Frontal Assessment Battery in Peruvian patients with Alzheimer’s disease 
and behavioral variant Frontotemporal dementia. eNeurologicalSci. 2016;5:25-9.

90. Dermody N, Wong S, Ahmed R, et al. Uncovering the Neural Bases of Cognitive 
and Affective Empathy Deficits in Alzheimer’s Disease and the Behavioral-Variant 
of Frontotemporal Dementia. J Alzheimer’s Dis. 2016;53(3):801-16.

91. Dermody N, Hornberger M, Piguet O, et al. Prospective memory impairments in 
Alzheimer’s disease and behavioral variant frontotemporal dementia: Clinical and 
neural correlates. J Alzheimer’s Dis. 2015;50(2):425-41.

92. Fernandez-Matarrubia M, Matias-Guiu JA, Cabrera-Martin MN, et al. Episodic 
Memory Dysfunction in Behavioral Variant Frontotemporal Dementia: A Clinical 
And FDG-PET Study. J Alzheimer’s Dis. 2017;57(4):1251-64.

93. Flanagan EC, Wong S, Dutt A, et al. False Recognition in Behavioral Variant 
Frontotemporal Dementia and Alzheimer’s Disease-Disinhibition or Amnesia? 
Front aging neurosci. 2016;8:177.

94. Fletcher PD, Nicholas JM, Shakespeare TJ, et al. Dementias show differential 
physiological responses to salient sounds. Front Behav Neurosci. 2015;9(73).

95. Hafkemeijer A, Moller C, Dopper EG, et al. A longitudinal study on resting state 
functional connectivity in behavioral variant frontotemporal dementia and 
Alzheimer’s disease. J Alzheimer’s Dis. 2017;55(2):521-37.

96. Hardy CJ, Buckley AH, Downey LE, et al. The Language Profile of Behavioral Variant 
Frontotemporal Dementia. J Alzheimer’s Dis. 2016;50(2):359-71.

97. Hutchings R, Hodges JR, Piguet O, et al. Why should i care? Dimensions of socio-
emotional cognition in younger-onset dementia. J Alzheimer’s Dis. 2015;48(1):135-47.

98. Irish M, Eyre N, Dermody N, et al. Neural Substrates of Semantic Prospection - 
Evidence from the Dementias. Front Behav Neurosci. 2016;10:96.

99. Johnen A, Frommeyer J, Modes F, et al. Dementia Apraxia Test (DATE): A brief 
tool to differentiate behavioral variant frontotemporal dementia from Alzheimer’s 
dementia based on apraxia profiles. J Alzheimer’s Dis. 2015;49(3):593-605.

100. Kamminga J, Kumfor F, Burrell JR, et al. Differentiating between right-lateralised 
semantic dementia and behavioural-variant frontotemporal dementia: an 
examination of clinical characteristics and emotion processing. J Neurol Neurosurg 
Psychiatry. 2015;86(10):1082-8.

101. Keri S. Social influence on associative learning: double dissociation in high-
functioning autism, early-stage behavioural variant frontotemporal dementia and 
Alzheimer’s disease. Cortex. 2014;54:200-9.

102. Kumfor F, Hutchings R, Irish M, et al. Do I know you? Examining face and object 
memory in frontotemporal dementia. Neuropsychologia. 2015;71:101-11.

103. Kumfor F, Teo D, Miller L, et al. Examining the Relationship Between Autobiographical 
Memory Impairment and Carer Burden in Dementia Syndromes. J Alzheimer’s Dis. 
2016;51(1):237-48.

104. Lagarde J, Valabregue R, Corvol J-C, et al. Why do patients with neurodegenerative 
frontal syndrome fail to answer: ‘In what way are an orange and a banana alike’? 
Brain. 2015;138(2):456-71.

105. Leslie F, Foxe D, Daveson N, et al. FRONTIER Executive Screen: A brief executive 
battery to differentiate frontotemporal dementia and Alzheimer’s disease. J Neurol 
Neurosurg Psychiatry. 2016;87(8):831-5.

106. Lin P-H, Chen H-H, Chen N-C, et al. Anatomical correlates of non-verbal perception 
in dementia patients. Front Aging Neurosci. 2016;8.

107. Mahoney CJ, Simpson IJ, Nicholas JM, et al. Longitudinal diffusion tensor imaging 
in frontotemporal dementia. Ann Neurol. 2015;77(1):33-46.

108. Mandelli ML, Vitali P, Santos M, et al. Two insular regions are differentially involved 
in behavioral variant FTD and nonfluent/agrammatic variant PPA. Cortex. 
2016;74:149-57.

109. Metzger FG, Schopp B, Haeussinger FB, et al. Brain activation in frontotemporal and 
Alzheimer’s dementia: a functional near-infrared spectroscopy study. Alzheimer’s 
Res Ther. 2016;8(1):56.

110. O’Callaghan C, Bertoux M, Irish M, et al. Fair play: social norm compliance failures 
in behavioural variant frontotemporal dementia. Brain. 2016;139:204-16.

111. Primativo S, Clark C, Yong KXX, et al. Eyetracking metrics reveal impaired spatial 
anticipation in behavioural variant frontotemporal dementia. Neuropsychologia. 
2017;106:328-40.

112. Ramanan S, Narayanan J, D’Souza TP, et al. Total output and switching in category 
fluency successfully discriminates Alzheimer’s disease from Mild Cognitive 
Impairment, but not from frontotemporal dementia. Dement Neuropsychol. 
2015;9(3):251-7.

113. Santamaria-Garcia H, Baez S, Reyes P, et al. A lesion model of envy and 
Schadenfreude: legal, deservingness and moral dimensions as revealed by 
neurodegeneration. Brain. 2017:02.

114. Scherling CS, Zakrzewski J, Datta S, et al. Mistakes, too few to mention? Impaired 
self-conscious emotional processing of errors in the behavioral variant of 
frontotemporal dementia. Front Behav Neurosci 2017;11.

115. Sedeno L, Couto B, Garcia-Cordero I, et al. Brain Network Organization and Social 
Executive Performance in Frontotemporal Dementia. J Int Neuropsychol Soc. 
2016;22(2):250-62.

116. Tan RH, Devenney E, Kiernan MC, et al. Terra incognita-cerebellar contributions to 
neuropsychiatric and cognitive dysfunction in behavioral variant frontotemporal 
dementia. Front Aging Neurosci. 2015;7:121.

117. Torralva T, Gleichgerrcht E, Ardila MJT, et al. Differential cognitive and affective 
theory of mind abilities at mild and moderate stages of behavioral variant 
frontotemporal dementia. Cog Behav Neurol. 2015;28(2):63-70.

118. Tu S, Wong S, Hodges JR, et al. Lost in spatial translation - A novel tool to objectively 
assess spatial disorientation in Alzheimer’s disease and frontotemporal dementia. 
Cortex. 2015;67:83-94.

3



100 101

The cognitive profile of bvFTD and its similarities with ALSChapter 3

119. Wong S, Flanagan E, Savage G, et al. Contrasting prefrontal cortex contributions 
to episodic memory dysfunction in behavioural variant frontotemporal dementia 
and Alzheimer’s disease. PLoS ONE. 2014;9(2):e87778.

120. Wong S, Bertoux M, Savage G, et al. Comparison of Prefrontal Atrophy and Episodic 
Memory Performance in Dysexecutive Alzheimer’s Disease and Behavioral-Variant 
Frontotemporal Dementia. J Alzheimer’s Dis. 2016;51(3):889-903.

References

121. Morris JC. The Clinical Dementia Rating (CDR): current version and scoring rules. 
Neurology. 1993;43(11):2412-4.

122. Mioshi E, Dawson K, Mitchell J, et al. The Addenbrooke’s Cognitive Examination 
Revised (ACE-R): a brief cognitive test battery for dementia screening. Int J Geriatr 
Psychiatry. 2006;21(11):1078-85.

123. O’Bryant SE, Waring SC, Cullum CM, et al. Staging dementia using Clinical Dementia 
Rating Scale Sum of Boxes scores: a Texas Alzheimer’s research consortium study. 
Arch Neurol. 2008;65(8):1091-5.

124. Llebaria G, Pagonabarraga J, Kulisevsky J, et al. Cut-off score of the Mattis 
Dementia Rating Scale for screening dementia in Parkinson’s disease. Mov Disord. 
2008;23(11):1546-50.

Ta
bl

e 
e-

4.
 A

rt
ic

le
s 

ex
cl

ud
ed

 fr
om

 th
e 

m
et

a-
an

al
ys

is

Bl
ai

r
20

07
D

em
en

tia
 &

 G
er

ia
tr

ic
 C

og
ni

tiv
e 

D
is

or
de

rs
AL

S-
FT

D
 p

at
ie

nt
s 

in
cl

ud
ed

 in
 p

at
ie

nt
 g

ro
up

Ca
nt

on
i

20
10

Jo
ur

na
l o

f A
lz

he
im

er
’s 

D
is

ea
se

AL
S-

FT
D

 p
at

ie
nt

s 
in

cl
ud

ed
 in

 p
at

ie
nt

 g
ro

up

Ca
rd

en
as

20
07

Ar
ch

iv
es

 o
f N

eu
ro

lo
gy

AL
S-

FT
D

 p
at

ie
nt

s 
in

cl
ud

ed
 in

 p
at

ie
nt

 g
ro

up

Ch
ow

20
08

Al
zh

ei
m

er
 D

is
ea

se
 &

 A
ss

oc
ia

te
d 

D
is

or
de

rs
AL

S-
FT

D
 p

at
ie

nt
s 

in
cl

ud
ed

 in
 p

at
ie

nt
 g

ro
up

H
ar

tik
ai

ne
n

20
12

Jo
ur

na
l o

f A
lz

he
im

er
’s 

D
is

ea
se

AL
S-

FT
D

 p
at

ie
nt

s 
in

cl
ud

ed
 in

 p
at

ie
nt

 g
ro

up

Is
hi

i
19

98
Jo

ur
na

l o
f N

uc
le

ar
 M

ed
ic

in
e

AL
S-

FT
D

 p
at

ie
nt

s 
in

cl
ud

ed
 in

 p
at

ie
nt

 g
ro

up

M
un

oz
-R

ui
z

20
13

Jo
ur

na
l o

f A
lz

he
im

er
’s 

D
is

ea
se

AL
S-

FT
D

 p
at

ie
nt

s 
in

cl
ud

ed
 in

 p
at

ie
nt

 g
ro

up

M
un

oz
-R

ui
z

20
12

PL
oS

 O
N

E
AL

S-
FT

D
 p

at
ie

nt
s 

in
cl

ud
ed

 in
 p

at
ie

nt
 g

ro
up

Se
el

ey
20

08
Ar

ch
iv

es
 o

f N
eu

ro
lo

gy
AL

S-
FT

D
 p

at
ie

nt
s 

in
cl

ud
ed

 in
 p

at
ie

nt
 g

ro
up

Zh
an

g
20

09
Br

ai
n

AL
S-

FT
D

 p
at

ie
nt

s 
in

cl
ud

ed
 in

 p
at

ie
nt

 g
ro

up

Zh
ou

20
10

Br
ai

n
AL

S-
FT

D
 p

at
ie

nt
s 

in
cl

ud
ed

 in
 p

at
ie

nt
 g

ro
up

Br
un

o
20

17
N

eu
ro

lo
gi

a
Ar

tic
le

 in
 S

pa
ni

sh

Co
ss

in
i

20
16

N
eu

ro
lo

gi
a 

Ar
ge

nt
in

a
Ar

tic
le

 in
 S

pa
ni

sh

M
ar

tin
ez

20
15

Re
vi

st
a 

Co
lo

m
bi

an
a 

D
e 

Ps
iq

ui
at

ria
Ar

tic
le

 in
 S

pa
ni

sh

Po
lli

tis
20

16
Ve

rt
ex

Ar
tic

le
 in

 S
pa

ni
sh

Tu
rr

o-
G

ar
rig

a
20

17
N

eu
ro

lo
gi

a
Ar

tic
le

 in
 S

pa
ni

sh

Ag
os

ta
20

15
H

um
an

 B
ra

in
 M

ap
pi

ng
Co

nt
ro

l g
ro

up
 n

ot
 m

at
ch

ed
 fo

r a
ge

 o
r e

du
ca

tio
n

Ag
os

ta
20

13
N

eu
ro

lo
gy

Co
nt

ro
l g

ro
up

 n
ot

 m
at

ch
ed

 fo
r a

ge
 o

r e
du

ca
tio

n

Ag
os

ta
20

09
Pr

oc
ee

di
ng

s 
of

 th
e 

N
at

io
na

l A
ca

de
m

y 
of

 S
ci

en
ce

s
Co

nt
ro

l g
ro

up
 n

ot
 m

at
ch

ed
 fo

r a
ge

 o
r e

du
ca

tio
n

Ah
m

ed
20

16
Jo

ur
na

l o
f N

eu
ro

lo
gy

, N
eu

ro
su

rg
er

y 
an

d 
Ps

yc
hi

at
ry

Co
nt

ro
l g

ro
up

 n
ot

 m
at

ch
ed

 fo
r a

ge
 o

r e
du

ca
tio

n

Al
la

li
20

10
M

ov
em

en
t D

is
or

de
rs

Co
nt

ro
l g

ro
up

 n
ot

 m
at

ch
ed

 fo
r a

ge
 o

r e
du

ca
tio

n

An
de

rs
on

20
09

Eu
ro

pe
an

 Jo
ur

na
l o

f N
eu

ro
lo

gy
Co

nt
ro

l g
ro

up
 n

ot
 m

at
ch

ed
 fo

r a
ge

 o
r e

du
ca

tio
n

Ba
k

20
03

Jo
ur

na
l o

f N
eu

ro
lin

gu
is

tic
s

Co
nt

ro
l g

ro
up

 n
ot

 m
at

ch
ed

 fo
r a

ge
 o

r e
du

ca
tio

n

3



102 103

The cognitive profile of bvFTD and its similarities with ALSChapter 3

Ta
bl

e 
e-

4.
 C

on
tin

ue
d.

Ba
ld

ei
ra

s
20

15
Jo

ur
na

l o
f t

he
 N

eu
ro

lo
gi

ca
l S

ci
en

ce
s

Co
nt

ro
l g

ro
up

 n
ot

 m
at

ch
ed

 fo
r a

ge
 o

r e
du

ca
tio

n

Ba
se

ly
20

13
Eu

ro
pe

an
 Jo

ur
na

l o
f N

uc
le

ar
 M

ed
ic

in
e 

&
 M

ol
ec

ul
ar

 Im
ag

in
g

Co
nt

ro
l g

ro
up

 n
ot

 m
at

ch
ed

 fo
r a

ge
 o

r e
du

ca
tio

n

Ba
st

in
20

12
H

um
an

 B
ra

in
 M

ap
pi

ng
Co

nt
ro

l g
ro

up
 n

ot
 m

at
ch

ed
 fo

r a
ge

 o
r e

du
ca

tio
n

Be
rn

ar
di

20
06

N
eu

ro
bi

ol
og

y 
of

 A
gi

ng
Co

nt
ro

l g
ro

up
 n

ot
 m

at
ch

ed
 fo

r a
ge

 o
r e

du
ca

tio
n

Be
rt

ou
x

20
12

Jo
ur

na
l o

f t
he

 In
te

rn
at

io
na

l N
eu

ro
ps

yc
ho

lo
gi

ca
l S

oc
ie

ty
Co

nt
ro

l g
ro

up
 n

ot
 m

at
ch

ed
 fo

r a
ge

 o
r e

du
ca

tio
n

Be
rt

ou
x

20
15

N
eu

ro
ps

yc
ho

lo
gy

Co
nt

ro
l g

ro
up

 n
ot

 m
at

ch
ed

 fo
r a

ge
 o

r e
du

ca
tio

n

Bi
rd

20
10

H
ip

po
ca

m
pu

s
Co

nt
ro

l g
ro

up
 n

ot
 m

at
ch

ed
 fo

r a
ge

 o
r e

du
ca

tio
n

Bo
cc

ar
di

20
05

N
eu

ro
bi

ol
og

y 
of

 A
gi

ng
Co

nt
ro

l g
ro

up
 n

ot
 m

at
ch

ed
 fo

r a
ge

 o
r e

du
ca

tio
n

Bu
er

ge
r

20
02

Ar
ch

iv
es

 o
f N

eu
ro

lo
gy

Co
nt

ro
l g

ro
up

 n
ot

 m
at

ch
ed

 fo
r a

ge
 o

r e
du

ca
tio

n

Ca
pp

a
19

98
N

eu
ro

lo
gy

Co
nt

ro
l g

ro
up

 n
ot

 m
at

ch
ed

 fo
r a

ge
 o

r e
du

ca
tio

n

Ch
an

20
15

Ps
yc

hi
at

ry
 R

es
ea

rc
h

Co
nt

ro
l g

ro
up

 n
ot

 m
at

ch
ed

 fo
r a

ge
 o

r e
du

ca
tio

n

Ch
iu

20
12

Jo
ur

na
l o

f N
eu

ro
lo

gy
Co

nt
ro

l g
ro

up
 n

ot
 m

at
ch

ed
 fo

r a
ge

 o
r e

du
ca

tio
n

D
e 

So
uz

a
20

13
Jo

ur
na

l o
f A

lz
he

im
er

’s 
D

is
ea

se
Co

nt
ro

l g
ro

up
 n

ot
 m

at
ch

ed
 fo

r a
ge

 o
r e

du
ca

tio
n

D
e 

w
in

te
r

20
16

N
eu

ro
Im

ag
e:

 c
lin

ic
al

Co
nt

ro
l g

ro
up

 n
ot

 m
at

ch
ed

 fo
r a

ge
 o

r e
du

ca
tio

n

D
er

ou
es

ne
20

12
G

er
ia

tr
ie

 E
t P

sy
ch

ol
og

ie
 N

eu
ro

ps
yc

hi
at

rie
 D

u 
Vi

ei
lli

ss
em

en
t

Co
nt

ro
l g

ro
up

 n
ot

 m
at

ch
ed

 fo
r a

ge
 o

r e
du

ca
tio

n

D
on

ag
hy

20
10

Jo
ur

na
l o

f N
eu

ro
lo

gy
Co

nt
ro

l g
ro

up
 n

ot
 m

at
ch

ed
 fo

r a
ge

 o
r e

du
ca

tio
n

D
ow

ne
y

20
15

N
eu

ro
Im

ag
e:

 c
lin

ic
al

Co
nt

ro
l g

ro
up

 n
ot

 m
at

ch
ed

 fo
r a

ge
 o

r e
du

ca
tio

n

D
u

20
07

Br
ai

n
Co

nt
ro

l g
ro

up
 n

ot
 m

at
ch

ed
 fo

r a
ge

 o
r e

du
ca

tio
n

D
u

20
06

N
eu

ro
lo

gy
Co

nt
ro

l g
ro

up
 n

ot
 m

at
ch

ed
 fo

r a
ge

 o
r e

du
ca

tio
n

Ec
ka

rt
20

12
N

eu
ro

ps
yc

ho
lo

gi
a

Co
nt

ro
l g

ro
up

 n
ot

 m
at

ch
ed

 fo
r a

ge
 o

r e
du

ca
tio

n

Es
lin

ge
r

20
07

Jo
ur

na
l o

f N
eu

ro
lo

gy
Co

nt
ro

l g
ro

up
 n

ot
 m

at
ch

ed
 fo

r a
ge

 o
r e

du
ca

tio
n

Fi
lip

pi
20

17
N

eu
ro

lo
gy

Co
nt

ro
l g

ro
up

 n
ot

 m
at

ch
ed

 fo
r a

ge
 o

r e
du

ca
tio

n

Fo
le

y
20

08
Ac

ta
 N

eu
ro

ps
yc

hi
at

ric
a

Co
nt

ro
l g

ro
up

 n
ot

 m
at

ch
ed

 fo
r a

ge
 o

r e
du

ca
tio

n

Ta
bl

e 
e-

4.
 C

on
tin

ue
d.

Fr
ee

dm
an

20
13

Al
zh

ei
m

er
 D

is
ea

se
 &

 A
ss

oc
ia

te
d 

D
is

or
de

rs
Co

nt
ro

l g
ro

up
 n

ot
 m

at
ch

ed
 fo

r a
ge

 o
r e

du
ca

tio
n

Fr
ee

dm
an

20
13

Al
zh

ei
m

er
 D

is
ea

se
 &

 A
ss

oc
ia

te
d 

D
is

or
de

rs
Co

nt
ro

l g
ro

up
 n

ot
 m

at
ch

ed
 fo

r a
ge

 o
r e

du
ca

tio
n

Fr
in

gs
20

12
H

um
an

 B
ra

in
 M

ap
pi

ng
Co

nt
ro

l g
ro

up
 n

ot
 m

at
ch

ed
 fo

r a
ge

 o
r e

du
ca

tio
n

Fr
is

on
i

19
96

Jo
ur

na
l o

f N
eu

ro
lo

gy
Co

nt
ro

l g
ro

up
 n

ot
 m

at
ch

ed
 fo

r a
ge

 o
r e

du
ca

tio
n

G
en

na
ta

s
20

12
N

eu
ro

lo
gy

Co
nt

ro
l g

ro
up

 n
ot

 m
at

ch
ed

 fo
r a

ge
 o

r e
du

ca
tio

n

G
io

va
gn

ol
i

20
08

N
eu

ro
ps

yc
ho

lo
gi

a
Co

nt
ro

l g
ro

up
 n

ot
 m

at
ch

ed
 fo

r a
ge

 o
r e

du
ca

tio
n

G
ol

a
20

17
N

eu
ro

Im
ag

e:
 c

lin
ic

al
Co

nt
ro

l g
ro

up
 n

ot
 m

at
ch

ed
 fo

r a
ge

 o
r e

du
ca

tio
n

G
or

do
n

20
10

N
eu

ro
lo

gy
Co

nt
ro

l g
ro

up
 n

ot
 m

at
ch

ed
 fo

r a
ge

 o
r e

du
ca

tio
n

G
ro

ss
m

an
20

05
An

na
ls

 o
f N

eu
ro

lo
gy

Co
nt

ro
l g

ro
up

 n
ot

 m
at

ch
ed

 fo
r a

ge
 o

r e
du

ca
tio

n

G
ro

ss
m

an
20

10
N

eu
ro

ps
yc

ho
lo

gi
a

Co
nt

ro
l g

ro
up

 n
ot

 m
at

ch
ed

 fo
r a

ge
 o

r e
du

ca
tio

n

H
an

ss
on

20
09

Jo
ur

na
l o

f A
lz

he
im

er
’s 

D
is

ea
se

Co
nt

ro
l g

ro
up

 n
ot

 m
at

ch
ed

 fo
r a

ge
 o

r e
du

ca
tio

n

H
az

if-
Th

om
as

20
05

An
na

le
s 

m
ed

ic
o-

ps
yc

ho
lo

gi
qu

es
Co

nt
ro

l g
ro

up
 n

ot
 m

at
ch

ed
 fo

r a
ge

 o
r e

du
ca

tio
n

H
en

le
y

20
14

N
eu

ro
ps

yc
ho

lo
gi

a
Co

nt
ro

l g
ro

up
 n

ot
 m

at
ch

ed
 fo

r a
ge

 o
r e

du
ca

tio
n

H
oe

fe
r

20
08

Br
ai

n
Co

nt
ro

l g
ro

up
 n

ot
 m

at
ch

ed
 fo

r a
ge

 o
r e

du
ca

tio
n

H
or

nb
er

ge
r

20
10

N
eu

ro
lo

gy
Co

nt
ro

l g
ro

up
 n

ot
 m

at
ch

ed
 fo

r a
ge

 o
r e

du
ca

tio
n

H
ug

he
s

20
13

Jo
ur

na
l o

f C
og

ni
tiv

e 
N

eu
ro

sc
ie

nc
e

Co
nt

ro
l g

ro
up

 n
ot

 m
at

ch
ed

 fo
r a

ge
 o

r e
du

ca
tio

n

Ir
is

h
20

17
N

eu
ro

ps
yc

ho
lo

gi
a

Co
nt

ro
l g

ro
up

 n
ot

 m
at

ch
ed

 fo
r a

ge
 o

r e
du

ca
tio

n

Ir
is

h
20

14
PL

oS
 O

N
E

Co
nt

ro
l g

ro
up

 n
ot

 m
at

ch
ed

 fo
r a

ge
 o

r e
du

ca
tio

n

Ir
is

h
20

14
PL

oS
 O

N
E

Co
nt

ro
l g

ro
up

 n
ot

 m
at

ch
ed

 fo
r a

ge
 o

r e
du

ca
tio

n

Ja
st

or
ff

20
16

H
um

an
 B

ra
in

 M
ap

pi
ng

Co
nt

ro
l g

ro
up

 n
ot

 m
at

ch
ed

 fo
r a

ge
 o

r e
du

ca
tio

n

Kh
an

20
12

Jo
ur

na
l o

f N
eu

ro
lo

gy
Co

nt
ro

l g
ro

up
 n

ot
 m

at
ch

ed
 fo

r a
ge

 o
r e

du
ca

tio
n

Ki
pp

s
20

09
Br

ai
n

Co
nt

ro
l g

ro
up

 n
ot

 m
at

ch
ed

 fo
r a

ge
 o

r e
du

ca
tio

n

Ki
pp

s
20

09
Br

ai
n

Co
nt

ro
l g

ro
up

 n
ot

 m
at

ch
ed

 fo
r a

ge
 o

r e
du

ca
tio

n

3



104 105

The cognitive profile of bvFTD and its similarities with ALSChapter 3

Ta
bl

e 
e-

4.
 C

on
tin

ue
d.

Kr
am

er
20

07
Jo

ur
na

l o
f t

he
 In

te
rn

at
io

na
l N

eu
ro

ps
yc

ho
lo

gi
ca

l S
oc

ie
ty

Co
nt

ro
l g

ro
up

 n
ot

 m
at

ch
ed

 fo
r a

ge
 o

r e
du

ca
tio

n

Kr
ue

ge
r

20
10

Al
zh

ei
m

er
 D

is
ea

se
 &

 A
ss

oc
ia

te
d 

D
is

or
de

rs
Co

nt
ro

l g
ro

up
 n

ot
 m

at
ch

ed
 fo

r a
ge

 o
r e

du
ca

tio
n

Ku
m

fo
r

20
17

Co
rt

ex
Co

nt
ro

l g
ro

up
 n

ot
 m

at
ch

ed
 fo

r a
ge

 o
r e

du
ca

tio
n

Ku
m

fo
r

20
14

Fr
on

tie
rs

 in
 B

eh
av

io
ra

l N
eu

ro
sc

ie
nc

e
Co

nt
ro

l g
ro

up
 n

ot
 m

at
ch

ed
 fo

r a
ge

 o
r e

du
ca

tio
n

Ku
m

fo
r

20
14

Fr
on

tie
rs

 in
 B

eh
av

io
ra

l N
eu

ro
sc

ie
nc

e
Co

nt
ro

l g
ro

up
 n

ot
 m

at
ch

ed
 fo

r a
ge

 o
r e

du
ca

tio
n

La
ns

da
ll

20
17

Br
ai

n
Co

nt
ro

l g
ro

up
 n

ot
 m

at
ch

ed
 fo

r a
ge

 o
r e

du
ca

tio
n

Le
e

20
03

Eu
ro

pe
an

 Jo
ur

na
l o

f N
eu

ro
sc

ie
nc

e
Co

nt
ro

l g
ro

up
 n

ot
 m

at
ch

ed
 fo

r a
ge

 o
r e

du
ca

tio
n

Le
hm

an
n

20
11

H
an

db
oo

k 
of

 Im
ag

in
g 

th
e 

Al
zh

ei
m

er
 B

ra
in

Co
nt

ro
l g

ro
up

 n
ot

 m
at

ch
ed

 fo
r a

ge
 o

r e
du

ca
tio

n

Lo
oi

20
08

Am
er

ic
an

 Jo
ur

na
l o

f N
eu

ro
ra

di
ol

og
y

Co
nt

ro
l g

ro
up

 n
ot

 m
at

ch
ed

 fo
r a

ge
 o

r e
du

ca
tio

n

Lo
re

nz
l

20
08

In
te

rn
at

io
na

l P
sy

ch
og

er
ia

tr
ic

s
Co

nt
ro

l g
ro

up
 n

ot
 m

at
ch

ed
 fo

r a
ge

 o
r e

du
ca

tio
n

Lu
ks

20
10

N
eu

ro
ps

yc
ho

lo
gi

a
Co

nt
ro

l g
ro

up
 n

ot
 m

at
ch

ed
 fo

r a
ge

 o
r e

du
ca

tio
n

M
ac

fa
rla

ne
20

15
PL

oS
 O

N
E

Co
nt

ro
l g

ro
up

 n
ot

 m
at

ch
ed

 fo
r a

ge
 o

r e
du

ca
tio

n

M
ag

er
ov

a
20

14
Am

er
ic

an
 Jo

ur
na

l o
f A

lz
he

im
er

’s 
D

is
ea

se
 &

 O
th

er
 D

em
en

tia
s

Co
nt

ro
l g

ro
up

 n
ot

 m
at

ch
ed

 fo
r a

ge
 o

r e
du

ca
tio

n

M
ag

er
ov

a
20

14
Am

er
ic

an
 Jo

ur
na

l o
f A

lz
he

im
er

’s 
D

is
ea

se
 &

 O
th

er
 D

em
en

tia
s

Co
nt

ro
l g

ro
up

 n
ot

 m
at

ch
ed

 fo
r a

ge
 o

r e
du

ca
tio

n

M
ah

on
ey

20
14

H
um

an
 B

ra
in

 M
ap

pi
ng

Co
nt

ro
l g

ro
up

 n
ot

 m
at

ch
ed

 fo
r a

ge
 o

r e
du

ca
tio

n

M
ah

on
ey

20
14

H
um

an
 B

ra
in

 M
ap

pi
ng

Co
nt

ro
l g

ro
up

 n
ot

 m
at

ch
ed

 fo
r a

ge
 o

r e
du

ca
tio

n

M
ar

sh
al

l
20

17
Fr

on
tie

rs
 in

 N
eu

ro
lo

gy
Co

nt
ro

l g
ro

up
 n

ot
 m

at
ch

ed
 fo

r a
ge

 o
r e

du
ca

tio
n

M
ei

jb
oo

m
20

17
Eu

ro
pi

an
 R

ad
io

lo
gy

Co
nt

ro
l g

ro
up

 n
ot

 m
at

ch
ed

 fo
r a

ge
 o

r e
du

ca
tio

n

M
un

oz
-R

ui
z

20
16

D
em

en
tia

 &
 G

er
ia

tr
ic

 C
og

ni
tiv

e 
D

is
or

de
rs

Co
nt

ro
l g

ro
up

 n
ot

 m
at

ch
ed

 fo
r a

ge
 o

r e
du

ca
tio

n

M
ur

th
a

20
02

Jo
ur

na
l o

f t
he

 In
te

rn
at

io
na

l N
eu

ro
ps

yc
ho

lo
gi

ca
l S

oc
ie

ty
Co

nt
ro

l g
ro

up
 n

ot
 m

at
ch

ed
 fo

r a
ge

 o
r e

du
ca

tio
n

Pe
rn

ec
zk

y
20

13
Tr

an
sl

at
io

na
l P

sy
ch

ia
tr

y
Co

nt
ro

l g
ro

up
 n

ot
 m

at
ch

ed
 fo

r a
ge

 o
r e

du
ca

tio
n

Pe
rr

y
20

15
Al

zh
ei

m
er

 D
is

ea
se

 &
 A

ss
oc

ia
te

d 
D

is
or

de
rs

Co
nt

ro
l g

ro
up

 n
ot

 m
at

ch
ed

 fo
r a

ge
 o

r e
du

ca
tio

n

Pe
rr

y
20

12
Eu

ro
pe

an
 Jo

ur
na

l o
f N

eu
ro

lo
gy

Co
nt

ro
l g

ro
up

 n
ot

 m
at

ch
ed

 fo
r a

ge
 o

r e
du

ca
tio

n

Ta
bl

e 
e-

4.
 C

on
tin

ue
d.

Pe
rr

y
20

00
N

eu
ro

lo
gy

Co
nt

ro
l g

ro
up

 n
ot

 m
at

ch
ed

 fo
r a

ge
 o

r e
du

ca
tio

n

Pi
gu

et
20

11
An

na
ls

 o
f N

eu
ro

lo
gy

Co
nt

ro
l g

ro
up

 n
ot

 m
at

ch
ed

 fo
r a

ge
 o

r e
du

ca
tio

n

Pi
qu

ar
d

20
09

Br
ai

n 
an

d 
Co

gn
iti

on
Co

nt
ro

l g
ro

up
 n

ot
 m

at
ch

ed
 fo

r a
ge

 o
r e

du
ca

tio
n

Pi
qu

ar
d

20
04

Ps
yc

ho
lo

gi
e 

&
 N

eu
ro

ps
yc

hi
at

rie
 d

u 
Vi

ei
lli

ss
em

en
t

Co
nt

ro
l g

ro
up

 n
ot

 m
at

ch
ed

 fo
r a

ge
 o

r e
du

ca
tio

n

Po
rt

er
20

03
Jo

ur
na

l o
f N

eu
ro

ps
yc

hi
at

ry
 &

 C
lin

ic
al

 N
eu

ro
sc

ie
nc

es
Co

nt
ro

l g
ro

up
 n

ot
 m

at
ch

ed
 fo

r a
ge

 o
r e

du
ca

tio
n

Po
ss

in
20

13
N

eu
ro

lo
gy

Co
nt

ro
l g

ro
up

 n
ot

 m
at

ch
ed

 fo
r a

ge
 o

r e
du

ca
tio

n

Ra
m

an
an

20
17

Jo
ur

na
l o

f t
he

 In
te

rn
at

io
na

l N
eu

ro
ps

yc
ho

lo
gi

ca
l S

oc
ie

ty
Co

nt
ro

l g
ro

up
 n

ot
 m

at
ch

ed
 fo

r a
ge

 o
r e

du
ca

tio
n

Ra
nj

ith
20

10
An

na
ls

 o
f I

nd
ia

n 
Ac

ad
em

y 
of

 N
eu

ro
lo

gy
Co

nt
ro

l g
ro

up
 n

ot
 m

at
ch

ed
 fo

r a
ge

 o
r e

du
ca

tio
n

Ra
nk

in
20

07
Co

gn
iti

ve
 &

 B
eh

av
io

ra
l N

eu
ro

lo
gy

Co
nt

ro
l g

ro
up

 n
ot

 m
at

ch
ed

 fo
r a

ge
 o

r e
du

ca
tio

n

Ra
nk

in
20

05
Co

gn
iti

ve
 &

 B
eh

av
io

ra
l N

eu
ro

lo
gy

Co
nt

ro
l g

ro
up

 n
ot

 m
at

ch
ed

 fo
r a

ge
 o

r e
du

ca
tio

n

Ri
ch

ar
ds

20
09

N
eu

ro
bi

ol
og

y 
of

 A
gi

ng
Co

nt
ro

l g
ro

up
 n

ot
 m

at
ch

ed
 fo

r a
ge

 o
r e

du
ca

tio
n

Ro
se

n
20

04
D

em
en

tia
 a

nd
 G

er
ia

tr
ic

 C
og

ni
tiv

e 
D

is
or

de
rs

Co
nt

ro
l g

ro
up

 n
ot

 m
at

ch
ed

 fo
r a

ge
 o

r e
du

ca
tio

n

Ro
se

n
20

02
N

eu
ro

lo
gy

Co
nt

ro
l g

ro
up

 n
ot

 m
at

ch
ed

 fo
r a

ge
 o

r e
du

ca
tio

n

Ro
se

n
20

14
N

eu
ro

ps
yc

ho
lo

gy
Co

nt
ro

l g
ro

up
 n

ot
 m

at
ch

ed
 fo

r a
ge

 o
r e

du
ca

tio
n

Ro
se

n
20

14
N

eu
ro

ps
yc

ho
lo

gy
Co

nt
ro

l g
ro

up
 n

ot
 m

at
ch

ed
 fo

r a
ge

 o
r e

du
ca

tio
n

Ry
tt

y
20

13
Fr

on
tie

rs
 in

 H
um

an
 N

eu
ro

sc
ie

nc
e

Co
nt

ro
l g

ro
up

 n
ot

 m
at

ch
ed

 fo
r a

ge
 o

r e
du

ca
tio

n

Sa
nt

ill
o

20
13

PL
oS

 O
N

E
Co

nt
ro

l g
ro

up
 n

ot
 m

at
ch

ed
 fo

r a
ge

 o
r e

du
ca

tio
n

Sc
hu

be
rt

20
16

Jo
ur

na
l o

f A
lz

he
im

er
’s 

D
is

ea
se

Co
nt

ro
l g

ro
up

 n
ot

 m
at

ch
ed

 fo
r a

ge
 o

r e
du

ca
tio

n

Se
ba

st
ia

n
20

10
Ps

ic
ot

he
m

a
Co

nt
ro

l g
ro

up
 n

ot
 m

at
ch

ed
 fo

r a
ge

 o
r e

du
ca

tio
n

Se
ba

st
ia

n
20

12
Ps

ic
ot

he
m

a
Co

nt
ro

l g
ro

up
 n

ot
 m

at
ch

ed
 fo

r a
ge

 o
r e

du
ca

tio
n

Se
rr

an
o

20
14

Cu
rr

en
t P

sy
ch

op
ha

rm
ac

ol
og

y
Co

nt
ro

l g
ro

up
 n

ot
 m

at
ch

ed
 fo

r a
ge

 o
r e

du
ca

tio
n

Sh
an

y-
U

r
20

14
Br

ai
n

Co
nt

ro
l g

ro
up

 n
ot

 m
at

ch
ed

 fo
r a

ge
 o

r e
du

ca
tio

n

Sh
an

y-
U

r
20

12
Co

rt
ex

Co
nt

ro
l g

ro
up

 n
ot

 m
at

ch
ed

 fo
r a

ge
 o

r e
du

ca
tio

n

3



106 107

The cognitive profile of bvFTD and its similarities with ALSChapter 3

Ta
bl

e 
e-

4.
 C

on
tin

ue
d.

Sh
im

iz
u

20
10

Br
ai

n 
Im

ag
in

g 
&

 B
eh

av
io

r
Co

nt
ro

l g
ro

up
 n

ot
 m

at
ch

ed
 fo

r a
ge

 o
r e

du
ca

tio
n

Si
la

jd
zi

c
20

12
PL

oS
 O

N
E

Co
nt

ro
l g

ro
up

 n
ot

 m
at

ch
ed

 fo
r a

ge
 o

r e
du

ca
tio

n

Si
m

on
se

n
20

07
D

em
en

tia
 a

nd
 G

er
ia

tr
ic

 C
og

ni
tiv

e 
D

is
or

de
rs

Co
nt

ro
l g

ro
up

 n
ot

 m
at

ch
ed

 fo
r a

ge
 o

r e
du

ca
tio

n

Sn
ow

de
n

20
08

N
eu

ro
ps

yc
ho

lo
gi

a
Co

nt
ro

l g
ro

up
 n

ot
 m

at
ch

ed
 fo

r a
ge

 o
r e

du
ca

tio
n

So
llb

er
ge

r
20

14
Br

ai
n 

an
d 

Be
ha

vi
or

Co
nt

ro
l g

ro
up

 n
ot

 m
at

ch
ed

 fo
r a

ge
 o

r e
du

ca
tio

n

St
ur

m
20

17
Br

ai
n 

an
d 

Be
ha

vi
or

Co
nt

ro
l g

ro
up

 n
ot

 m
at

ch
ed

 fo
r a

ge
 o

r e
du

ca
tio

n

Th
om

as
20

09
En

ce
ph

al
e

Co
nt

ro
l g

ro
up

 n
ot

 m
at

ch
ed

 fo
r a

ge
 o

r e
du

ca
tio

n

Th
om

as
-A

nt
er

io
n

19
98

Re
vu

e 
de

 N
eu

ro
ps

yc
ho

lo
gi

e
Co

nt
ro

l g
ro

up
 n

ot
 m

at
ch

ed
 fo

r a
ge

 o
r e

du
ca

tio
n

To
su

n
20

16
An

na
ls

 o
f C

lin
ic

al
 a

nd
 T

ra
ns

la
tio

na
l N

eu
ro

lo
gy

Co
nt

ro
l g

ro
up

 n
ot

 m
at

ch
ed

 fo
r a

ge
 o

r e
du

ca
tio

n

Tu
20

17
Jo

ur
na

l o
f A

lz
he

im
er

’s 
D

is
ea

se
Co

nt
ro

l g
ro

up
 n

ot
 m

at
ch

ed
 fo

r a
ge

 o
r e

du
ca

tio
n

Va
lv

er
de

20
09

Cl
in

ic
al

 N
eu

ro
lo

gy
 a

nd
 N

eu
ro

su
rg

er
y

Co
nt

ro
l g

ro
up

 n
ot

 m
at

ch
ed

 fo
r a

ge
 o

r e
du

ca
tio

n

va
n 

de
n 

St
oc

k
20

15
N

eu
ro

ps
yc

ho
lo

gi
a

Co
nt

ro
l g

ro
up

 n
ot

 m
at

ch
ed

 fo
r a

ge
 o

r e
du

ca
tio

n

Vi
ra

ni
20

13
Jo

ur
na

l o
f P

sy
ch

ia
tr

y 
&

 N
eu

ro
sc

ie
nc

e
Co

nt
ro

l g
ro

up
 n

ot
 m

at
ch

ed
 fo

r a
ge

 o
r e

du
ca

tio
n

Vo
ge

l
20

17
N

eu
ro

lo
gy

Co
nt

ro
l g

ro
up

 n
ot

 m
at

ch
ed

 fo
r a

ge
 o

r e
du

ca
tio

n

W
al

ke
r

20
05

In
te

rn
at

io
na

l P
sy

ch
og

er
ia

tr
ic

s
Co

nt
ro

l g
ro

up
 n

ot
 m

at
ch

ed
 fo

r a
ge

 o
r e

du
ca

tio
n

W
al

te
rf

an
g

20
14

Jo
ur

na
l o

f A
lz

he
im

er
’s 

D
is

ea
se

Co
nt

ro
l g

ro
up

 n
ot

 m
at

ch
ed

 fo
r a

ge
 o

r e
du

ca
tio

n

W
an

g
20

16
Fr

on
tie

rs
 in

 A
gi

ng
 N

eu
ro

sc
ie

nc
e

Co
nt

ro
l g

ro
up

 n
ot

 m
at

ch
ed

 fo
r a

ge
 o

r e
du

ca
tio

n

W
ar

ag
ai

20
08

D
em

en
tia

 &
 G

er
ia

tr
ic

 C
og

ni
tiv

e 
D

is
or

de
rs

Co
nt

ro
l g

ro
up

 n
ot

 m
at

ch
ed

 fo
r a

ge
 o

r e
du

ca
tio

n

W
ei

ne
r

20
11

In
te

rn
at

io
na

l P
sy

ch
og

er
ia

tr
ic

s
Co

nt
ro

l g
ro

up
 n

ot
 m

at
ch

ed
 fo

r a
ge

 o
r e

du
ca

tio
n

W
hi

tw
el

l
20

05
D

em
en

tia
 &

 G
er

ia
tr

ic
 C

og
ni

tiv
e 

D
is

or
de

rs
Co

nt
ro

l g
ro

up
 n

ot
 m

at
ch

ed
 fo

r a
ge

 o
r e

du
ca

tio
n

W
ic

kl
un

d
20

06
Al

zh
ei

m
er

 D
is

ea
se

 &
 A

ss
oc

ia
te

d 
D

is
or

de
rs

Co
nt

ro
l g

ro
up

 n
ot

 m
at

ch
ed

 fo
r a

ge
 o

r e
du

ca
tio

n

W
on

g
20

17
Co

rt
ex

Co
nt

ro
l g

ro
up

 n
ot

 m
at

ch
ed

 fo
r a

ge
 o

r e
du

ca
tio

n

W
on

g
20

17
N

eu
ro

ps
yc

ho
lo

gi
a

Co
nt

ro
l g

ro
up

 n
ot

 m
at

ch
ed

 fo
r a

ge
 o

r e
du

ca
tio

n

Ta
bl

e 
e-

4.
 C

on
tin

ue
d.

W
oo

lle
y

20
15

Bi
ol

og
ic

al
 P

sy
ch

ia
tr

y
Co

nt
ro

l g
ro

up
 n

ot
 m

at
ch

ed
 fo

r a
ge

 o
r e

du
ca

tio
n

W
oo

lle
y

20
12

Cu
rr

en
t A

lz
he

im
er

 R
es

ea
rc

h
Co

nt
ro

l g
ro

up
 n

ot
 m

at
ch

ed
 fo

r a
ge

 o
r e

du
ca

tio
n

Ye
w

20
13

Jo
ur

na
l o

f A
lz

he
im

er
’s 

D
is

ea
se

Co
nt

ro
l g

ro
up

 n
ot

 m
at

ch
ed

 fo
r a

ge
 o

r e
du

ca
tio

n

Yo
sh

id
a

20
09

D
em

en
tia

 &
 G

er
ia

tr
ic

 C
og

ni
tiv

e 
D

is
or

de
rs

Co
nt

ro
l g

ro
up

 n
ot

 m
at

ch
ed

 fo
r a

ge
 o

r e
du

ca
tio

n

Yo
sh

id
a

20
11

Ps
yc

hi
at

ry
 R

es
ea

rc
h

Co
nt

ro
l g

ro
up

 n
ot

 m
at

ch
ed

 fo
r a

ge
 o

r e
du

ca
tio

n

Ko
ik

ka
la

in
en

20
16

N
eu

ro
Im

ag
e:

 c
lin

ic
al

Co
nt

ro
ls

 w
ith

 s
ub

je
ct

iv
e 

co
gn

iti
ve

 c
om

pl
ai

nt
s

Sm
its

20
15

Ps
yc

ho
lo

gi
ca

l M
ed

ic
in

e
Co

nt
ro

ls
 w

ith
 s

ub
je

ct
iv

e 
co

gn
iti

ve
 c

om
pl

ai
nt

s

Te
ic

hm
an

n
20

17
Al

zh
ei

m
er

’s 
&

 D
em

en
tia

Co
nt

ro
ls

 w
ith

 s
ub

je
ct

iv
e 

co
gn

iti
ve

 c
om

pl
ai

nt
s

Vi
jv

er
be

rg
20

17
N

eu
ro

bi
ol

og
y 

of
 A

gi
ng

Co
nt

ro
ls

 w
ith

 s
ub

je
ct

iv
e 

co
gn

iti
ve

 c
om

pl
ai

nt
s

Ar
sl

an
20

15
Tu

rk
is

h 
Jo

ur
na

l o
f M

ed
ic

al
 s

ci
en

ce
s

D
id

 n
ot

 m
ee

t v
al

id
at

ed
 c

lin
ic

al
 c

ri
te

ria

H
am

pe
l

20
04

Ar
ch

iv
es

 o
f G

en
er

al
 P

sy
ch

ia
tr

y
D

id
 n

ot
 m

ee
t v

al
id

at
ed

 c
lin

ic
al

 c
ri

te
ria

Se
rr

an
o

20
14

Cu
rr

en
t P

sy
ch

op
ha

rm
ac

ol
og

y
D

id
 n

ot
 m

ee
t v

al
id

at
ed

 c
lin

ic
al

 c
ri

te
ria

St
ar

ks
te

in
19

94
Jo

ur
na

l o
f N

eu
ro

lo
gy

D
id

 n
ot

 m
ee

t v
al

id
at

ed
 c

lin
ic

al
 c

ri
te

ria

St
re

nz
io

k
20

11
Co

gn
iti

ve
 &

 B
eh

av
io

ra
l N

eu
ro

lo
gy

D
id

 n
ot

 m
ee

t v
al

id
at

ed
 c

lin
ic

al
 c

ri
te

ria

Be
rt

ou
x

20
15

Jo
ur

na
l o

f N
eu

ro
lo

gy
, N

eu
ro

su
rg

er
y 

an
d 

Ps
yc

hi
at

ry
Ed

ito
ria

l

Bo
cc

he
tt

a
20

16
Jo

ur
na

l o
f N

eu
ro

lo
gy

, N
eu

ro
su

rg
er

y 
an

d 
Ps

yc
hi

at
ry

Ed
ito

ria
l

Ah
m

ed
20

16
JA

M
A 

N
eu

ro
lo

gy
Eff

ec
t s

iz
e 

ca
lc

ul
at

io
n 

no
t p

os
si

bl
e

Al
be

ric
i

20
14

N
eu

ro
lo

gi
ca

l S
ci

en
ce

s
Eff

ec
t s

iz
e 

ca
lc

ul
at

io
n 

no
t p

os
si

bl
e

An
de

rs
en

19
97

Ar
ch

iv
es

 o
f N

eu
ro

lo
gy

Eff
ec

t s
iz

e 
ca

lc
ul

at
io

n 
no

t p
os

si
bl

e

Ap
pe

ls
20

16
Ti

jd
sc

hi
ft

 v
oo

r G
er

on
to

lo
gi

e 
en

 G
er

ia
tr

ie
Eff

ec
t s

iz
e 

ca
lc

ul
at

io
n 

no
t p

os
si

bl
e

Av
an

ts
20

14
N

eu
ro

Im
ag

e
Eff

ec
t s

iz
e 

ca
lc

ul
at

io
n 

no
t p

os
si

bl
e

Ba
ez

20
14

JA
M

A 
N

eu
ro

lo
gy

Eff
ec

t s
iz

e 
ca

lc
ul

at
io

n 
no

t p
os

si
bl

e

Ba
rr

ow
s

20
15

Jo
ur

na
l o

f G
er

ia
tr

ic
 P

sy
ch

ia
tr

y 
&

 N
eu

ro
lo

gy
Eff

ec
t s

iz
e 

ca
lc

ul
at

io
n 

no
t p

os
si

bl
e

3



108 109

The cognitive profile of bvFTD and its similarities with ALSChapter 3

Ta
bl

e 
e-

4.
 C

on
tin

ue
d.

Ba
rs

ug
lia

20
14

Ar
ch

iv
es

 o
f C

lin
ic

al
 N

eu
ro

ps
yc

ho
lo

gy
Eff

ec
t s

iz
e 

ca
lc

ul
at

io
n 

no
t p

os
si

bl
e

Be
ck

20
14

In
te

rn
at

io
na

l J
ou

rn
al

 o
f G

er
ia

tr
ic

 P
sy

ch
ia

tr
y

Eff
ec

t s
iz

e 
ca

lc
ul

at
io

n 
no

t p
os

si
bl

e

Be
di

ou
20

12
Fr

on
tie

rs
 in

 P
sy

ch
ol

og
y

Eff
ec

t s
iz

e 
ca

lc
ul

at
io

n 
no

t p
os

si
bl

e

Be
rt

ou
x

20
14

Bi
ol

og
ic

al
 P

sy
ch

ia
tr

y
Eff

ec
t s

iz
e 

ca
lc

ul
at

io
n 

no
t p

os
si

bl
e

Be
rt

ou
x

20
13

Br
ai

n 
Im

ag
in

g 
&

 B
eh

av
io

r
Eff

ec
t s

iz
e 

ca
lc

ul
at

io
n 

no
t p

os
si

bl
e

Be
rt

ou
x

20
14

Br
ai

n 
Im

ag
in

g 
&

 B
eh

av
io

r
Eff

ec
t s

iz
e 

ca
lc

ul
at

io
n 

no
t p

os
si

bl
e

Be
rt

ou
x

20
15

Jo
ur

na
l o

f A
lz

he
im

er
’s 

D
is

ea
se

Eff
ec

t s
iz

e 
ca

lc
ul

at
io

n 
no

t p
os

si
bl

e

Bi
nn

ey
20

17
Br

ai
n 

an
d 

Be
ha

vi
or

Eff
ec

t s
iz

e 
ca

lc
ul

at
io

n 
no

t p
os

si
bl

e

Bl
ad

oc
k

20
16

D
em

en
tia

 a
nd

 G
er

ia
tr

ic
 C

og
ni

tiv
e 

D
is

or
de

rs
Eff

ec
t s

iz
e 

ca
lc

ul
at

io
n 

no
t p

os
si

bl
e

Bo
rr

on
i

20
15

N
eu

ro
bi

ol
og

y 
of

 A
gi

ng
Eff

ec
t s

iz
e 

ca
lc

ul
at

io
n 

no
t p

os
si

bl
e

Br
en

ow
itz

20
14

Jo
ur

na
l o

f A
lz

he
im

er
’s 

D
is

ea
se

Eff
ec

t s
iz

e 
ca

lc
ul

at
io

n 
no

t p
os

si
bl

e

Ca
m

in
iti

20
15

N
eu

ro
Im

ag
e:

 c
lin

ic
al

Eff
ec

t s
iz

e 
ca

lc
ul

at
io

n 
no

t p
os

si
bl

e

Ca
rn

ag
hi

20
15

Co
gn

iti
ve

 &
 B

eh
av

io
ra

l N
eu

ro
lo

gy
Eff

ec
t s

iz
e 

ca
lc

ul
at

io
n 

no
t p

os
si

bl
e

Ca
rr

20
15

N
eu

ro
ps

yc
ho

lo
gi

a
Eff

ec
t s

iz
e 

ca
lc

ul
at

io
n 

no
t p

os
si

bl
e

Ca
sa

le
tt

o
20

17
N

eu
ro

ps
yc

ho
lo

gi
a

Eff
ec

t s
iz

e 
ca

lc
ul

at
io

n 
no

t p
os

si
bl

e

Ce
ra

m
i

20
14

Al
zh

ei
m

er
’s 

&
 D

em
en

tia
Eff

ec
t s

iz
e 

ca
lc

ul
at

io
n 

no
t p

os
si

bl
e

Ce
ra

m
i

20
15

PL
oS

 O
N

E
Eff

ec
t s

iz
e 

ca
lc

ul
at

io
n 

no
t p

os
si

bl
e

Ci
sm

ar
u

19
99

Br
ai

n 
an

d 
Co

gn
iti

on
Eff

ec
t s

iz
e 

ca
lc

ul
at

io
n 

no
t p

os
si

bl
e

Cr
oi

si
le

20
10

Re
vu

e 
N

eu
ro

lo
gi

qu
e

Eff
ec

t s
iz

e 
ca

lc
ul

at
io

n 
no

t p
os

si
bl

e

D
ev

en
ny

20
15

JA
M

A 
N

eu
ro

lo
gy

Eff
ec

t s
iz

e 
ca

lc
ul

at
io

n 
no

t p
os

si
bl

e

D
od

ic
h

20
16

Jo
ur

na
l o

f A
lz

he
im

er
’s 

D
is

ea
se

Eff
ec

t s
iz

e 
ca

lc
ul

at
io

n 
no

t p
os

si
bl

e

D
od

ic
h

20
14

N
eu

ro
lo

gi
ca

l S
ci

en
ce

s
Eff

ec
t s

iz
e 

ca
lc

ul
at

io
n 

no
t p

os
si

bl
e

Es
lin

ge
r

20
05

Jo
ur

na
l o

f N
eu

ro
lo

gy
Eff

ec
t s

iz
e 

ca
lc

ul
at

io
n 

no
t p

os
si

bl
e

Ta
bl

e 
e-

4.
 C

on
tin

ue
d.

Es
lin

ge
r

20
11

Jo
ur

na
l o

f N
eu

ro
ps

yc
hi

at
ry

 &
 C

lin
ic

al
 N

eu
ro

sc
ie

nc
es

Eff
ec

t s
iz

e 
ca

lc
ul

at
io

n 
no

t p
os

si
bl

e

Fl
et

ch
er

20
16

Co
rt

ex
Eff

ec
t s

iz
e 

ca
lc

ul
at

io
n 

no
t p

os
si

bl
e

Fr
ei

ta
s

20
15

Ar
ch

iv
es

 o
f C

lin
ic

al
 N

eu
ro

ps
yc

ho
lo

gy
Eff

ec
t s

iz
e 

ca
lc

ul
at

io
n 

no
t p

os
si

bl
e

Fr
ei

ta
s

20
14

Cl
in

ic
al

 N
eu

ro
ps

yc
ho

lo
gi

st
Eff

ec
t s

iz
e 

ca
lc

ul
at

io
n 

no
t p

os
si

bl
e

Fr
ei

ta
s

20
14

Cl
in

ic
al

 N
eu

ro
ps

yc
ho

lo
gi

st
Eff

ec
t s

iz
e 

ca
lc

ul
at

io
n 

no
t p

os
si

bl
e

G
al

im
be

rt
i

20
12

N
eu

ro
de

ge
ne

ra
tiv

e 
D

is
ea

se
 M

an
ag

em
en

t
Eff

ec
t s

iz
e 

ca
lc

ul
at

io
n 

no
t p

os
si

bl
e

G
ol

a
20

15
N

eu
ro

ps
yc

ho
lo

gi
a

Eff
ec

t s
iz

e 
ca

lc
ul

at
io

n 
no

t p
os

si
bl

e

H
af

ke
m

ei
je

r
20

15
Fr

on
tie

rs
 in

 H
um

an
 N

eu
ro

sc
ie

nc
e

Eff
ec

t s
iz

e 
ca

lc
ul

at
io

n 
no

t p
os

si
bl

e

H
ou

20
05

In
te

rn
at

io
na

l J
ou

rn
al

 o
f G

er
ia

tr
ic

 P
sy

ch
ia

tr
y

Eff
ec

t s
iz

e 
ca

lc
ul

at
io

n 
no

t p
os

si
bl

e

H
si

eh
20

13
D

em
en

tia
 a

nd
 G

er
ia

tr
ic

 C
og

ni
tiv

e 
D

is
or

de
rs

Eff
ec

t s
iz

e 
ca

lc
ul

at
io

n 
no

t p
os

si
bl

e

Ja
hn

20
11

PL
oS

 O
N

E
Eff

ec
t s

iz
e 

ca
lc

ul
at

io
n 

no
t p

os
si

bl
e

Jis
ko

ot
20

16
N

eu
ro

lo
gy

Eff
ec

t s
iz

e 
ca

lc
ul

at
io

n 
no

t p
os

si
bl

e

Jo
se

ph
s

20
09

N
eu

ro
lo

gy
Eff

ec
t s

iz
e 

ca
lc

ul
at

io
n 

no
t p

os
si

bl
e

Ka
nd

a
20

08
Eu

ro
pe

an
 Jo

ur
na

l o
f N

uc
le

ar
 M

ed
ic

in
e 

&
 M

ol
ec

ul
ar

 Im
ag

in
g

Eff
ec

t s
iz

e 
ca

lc
ul

at
io

n 
no

t p
os

si
bl

e

Ki
m

ur
a

19
99

N
eu

ro
sc

ie
nc

e 
Le

tt
er

s
Eff

ec
t s

iz
e 

ca
lc

ul
at

io
n 

no
t p

os
si

bl
e

Ki
pp

s
20

09
N

eu
ro

ca
se

Eff
ec

t s
iz

e 
ca

lc
ul

at
io

n 
no

t p
os

si
bl

e

Kr
aw

cz
yk

20
08

N
eu

ro
ps

yc
ho

lo
gi

a
Eff

ec
t s

iz
e 

ca
lc

ul
at

io
n 

no
t p

os
si

bl
e

La
ga

rd
e

20
13

Jo
ur

na
l o

f N
eu

ro
lo

gy
Eff

ec
t s

iz
e 

ca
lc

ul
at

io
n 

no
t p

os
si

bl
e

Li
m

a-
Si

lv
a

20
15

Jo
ur

na
l o

f G
er

ia
tr

ic
 P

sy
ch

ia
tr

y 
&

 N
eu

ro
lo

gy
Eff

ec
t s

iz
e 

ca
lc

ul
at

io
n 

no
t p

os
si

bl
e

Li
nd

be
rg

20
09

Am
er

ic
an

 Jo
ur

na
l o

f N
eu

ro
ra

di
ol

og
y

Eff
ec

t s
iz

e 
ca

lc
ul

at
io

n 
no

t p
os

si
bl

e

Lo
oi

20
09

Am
er

ic
an

 Jo
ur

na
l o

f N
eu

ro
ra

di
ol

og
y

Eff
ec

t s
iz

e 
ca

lc
ul

at
io

n 
no

t p
os

si
bl

e

Lo
oi

20
10

N
eu

ro
Im

ag
e

Eff
ec

t s
iz

e 
ca

lc
ul

at
io

n 
no

t p
os

si
bl

e

Lo
oi

20
11

Ps
yc

hi
at

ry
 R

es
ea

rc
h

Eff
ec

t s
iz

e 
ca

lc
ul

at
io

n 
no

t p
os

si
bl

e

3



110 111

The cognitive profile of bvFTD and its similarities with ALSChapter 3

Ta
bl

e 
e-

4.
 C

on
tin

ue
d.

M
cC

aw
le

y
20

05
Br

ai
n 

an
d 

La
ng

ua
ge

Eff
ec

t s
iz

e 
ca

lc
ul

at
io

n 
no

t p
os

si
bl

e

M
cM

ill
an

20
04

D
em

en
tia

 a
nd

 G
er

ia
tr

ic
 C

og
ni

tiv
e 

D
is

or
de

rs
Eff

ec
t s

iz
e 

ca
lc

ul
at

io
n 

no
t p

os
si

bl
e

M
ei

jb
oo

m
20

17
Jo

ur
na

l o
f A

lz
he

im
er

’s 
D

is
ea

se
Eff

ec
t s

iz
e 

ca
lc

ul
at

io
n 

no
t p

os
si

bl
e

M
ol

le
r

20
16

N
eu

ro
bi

ol
og

y 
of

 A
gi

ng
Eff

ec
t s

iz
e 

ca
lc

ul
at

io
n 

no
t p

os
si

bl
e

M
ol

le
r

20
15

N
eu

ro
Im

ag
e:

 c
lin

ic
al

Eff
ec

t s
iz

e 
ca

lc
ul

at
io

n 
no

t p
os

si
bl

e

M
ol

le
r

20
16

Ra
di

ol
og

y
Eff

ec
t s

iz
e 

ca
lc

ul
at

io
n 

no
t p

os
si

bl
e

M
un

oz
-N

ei
ra

20
14

In
te

rn
at

io
na

l J
ou

rn
al

 o
f G

er
ia

tr
ic

 P
sy

ch
ia

tr
y

Eff
ec

t s
iz

e 
ca

lc
ul

at
io

n 
no

t p
os

si
bl

e

N
ov

el
lin

o
20

10
N

eu
ro

bi
ol

og
y 

of
 A

gi
ng

Eff
ec

t s
iz

e 
ca

lc
ul

at
io

n 
no

t p
os

si
bl

e

Pe
el

le
20

08
Jo

ur
na

l o
f N

eu
ro

lin
gu

is
tic

s
Eff

ec
t s

iz
e 

ca
lc

ul
at

io
n 

no
t p

os
si

bl
e

Pi
ol

in
o

20
03

Br
ai

n
Eff

ec
t s

iz
e 

ca
lc

ul
at

io
n 

no
t p

os
si

bl
e

Ra
na

si
ng

he
20

16
N

eu
ro

lo
gy

Eff
ec

t s
iz

e 
ca

lc
ul

at
io

n 
no

t p
os

si
bl

e

Ra
nk

in
20

11
Jo

ur
na

l o
f M

ol
ec

ul
ar

 N
eu

ro
sc

ie
nc

e
Eff

ec
t s

iz
e 

ca
lc

ul
at

io
n 

no
t p

os
si

bl
e

Re
ul

20
17

Al
zh

ei
m

er
’s 

Re
se

ar
ch

 &
 T

he
ra

py
Eff

ec
t s

iz
e 

ca
lc

ul
at

io
n 

no
t p

os
si

bl
e

Re
ve

rb
er

i
20

14
Co

rt
ex

Eff
ec

t s
iz

e 
ca

lc
ul

at
io

n 
no

t p
os

si
bl

e

Ro
de

ll
20

16
Fr

on
tie

rs
 in

 A
gi

ng
 N

eu
ro

sc
ie

nc
e

Eff
ec

t s
iz

e 
ca

lc
ul

at
io

n 
no

t p
os

si
bl

e

Ro
ge

rs
20

06
N

eu
ro

ps
yc

ho
lo

gy
Eff

ec
t s

iz
e 

ca
lc

ul
at

io
n 

no
t p

os
si

bl
e

Ro
hr

er
20

16
N

eu
ro

lo
gy

Eff
ec

t s
iz

e 
ca

lc
ul

at
io

n 
no

t p
os

si
bl

e

Ro
us

se
au

x
20

10
N

eu
ro

ps
yc

ho
lo

gi
a

Eff
ec

t s
iz

e 
ca

lc
ul

at
io

n 
no

t p
os

si
bl

e

Ro
w

e
20

07
N

eu
ro

lo
gy

Eff
ec

t s
iz

e 
ca

lc
ul

at
io

n 
no

t p
os

si
bl

e

Sc
hm

id
tk

e
20

07
In

te
rn

at
io

na
l P

sy
ch

og
er

ia
tr

ic
s

Eff
ec

t s
iz

e 
ca

lc
ul

at
io

n 
no

t p
os

si
bl

e

Se
el

aa
r

20
11

N
eu

ro
lo

gy
Eff

ec
t s

iz
e 

ca
lc

ul
at

io
n 

no
t p

os
si

bl
e

Se
rp

en
te

20
15

In
te

rn
at

io
na

l J
ou

rn
al

 o
f M

ol
ec

ul
ar

 S
ci

en
ce

Eff
ec

t s
iz

e 
ca

lc
ul

at
io

n 
no

t p
os

si
bl

e

Sh
ar

m
a

20
11

In
di

an
 Jo

ur
na

l o
f N

uc
le

ar
 M

ed
ic

in
e

Eff
ec

t s
iz

e 
ca

lc
ul

at
io

n 
no

t p
os

si
bl

e

Ta
bl

e 
e-

4.
 C

on
tin

ue
d.

Si
lv

er
i

20
03

D
em

en
tia

 a
nd

 G
er

ia
tr

ic
 C

og
ni

tiv
e 

D
is

or
de

rs
Eff

ec
t s

iz
e 

ca
lc

ul
at

io
n 

no
t p

os
si

bl
e

Sj
og

re
n

20
00

N
eu

ro
lo

gy
Eff

ec
t s

iz
e 

ca
lc

ul
at

io
n 

no
t p

os
si

bl
e

St
ek

et
ee

20
16

N
eu

ro
Im

ag
e:

 c
lin

ic
al

Eff
ec

t s
iz

e 
ca

lc
ul

at
io

n 
no

t p
os

si
bl

e

St
op

fo
rd

20
10

Be
ha

vi
ou

ra
l N

eu
ro

lo
gy

Eff
ec

t s
iz

e 
ca

lc
ul

at
io

n 
no

t p
os

si
bl

e

Ta
n

20
13

D
em

en
tia

 &
 G

er
ia

tr
ic

 C
og

ni
tiv

e 
D

is
or

de
rs

Eff
ec

t s
iz

e 
ca

lc
ul

at
io

n 
no

t p
os

si
bl

e

Vi
jv

er
be

rg
20

17
Jo

ur
na

l o
f C

lin
ic

al
 P

sy
ch

ia
tr

y
Eff

ec
t s

iz
e 

ca
lc

ul
at

io
n 

no
t p

os
si

bl
e

W
at

an
ab

e
20

16
Jo

ur
na

l o
f t

he
 N

eu
ro

lo
gi

ca
l S

ci
en

ce
s

Eff
ec

t s
iz

e 
ca

lc
ul

at
io

n 
no

t p
os

si
bl

e

W
hi

tw
el

l
20

11
Jo

ur
na

l o
f M

ol
ec

ul
ar

 N
eu

ro
sc

ie
nc

e
Eff

ec
t s

iz
e 

ca
lc

ul
at

io
n 

no
t p

os
si

bl
e

W
hi

tw
el

l
20

09
N

eu
ro

de
ge

ne
ra

tiv
e 

D
is

ea
se

Eff
ec

t s
iz

e 
ca

lc
ul

at
io

n 
no

t p
os

si
bl

e

W
on

g
20

14
PL

oS
 O

N
E

Eff
ec

t s
iz

e 
ca

lc
ul

at
io

n 
no

t p
os

si
bl

e

Al
be

ric
i

20
07

N
eu

ro
lo

gi
ca

l S
ci

en
ce

s
FT

LD
 p

at
ie

nt
s 

in
cl

ud
ed

 in
 p

at
ie

nt
 g

ro
up

Al
ex

op
ou

lo
s

20
10

D
em

en
tia

 &
 G

er
ia

tr
ic

 C
og

ni
tiv

e 
D

is
or

de
rs

FT
LD

 p
at

ie
nt

s 
in

cl
ud

ed
 in

 p
at

ie
nt

 g
ro

up

An
au

at
e

20
14

D
em

en
tia

 &
 N

eu
ro

ps
yc

ho
lo

gi
a

FT
LD

 p
at

ie
nt

s 
in

cl
ud

ed
 in

 p
at

ie
nt

 g
ro

up

An
au

at
e

20
14

D
em

en
tia

 &
 N

eu
ro

ps
yc

ho
lo

gi
ca

FT
LD

 p
at

ie
nt

s 
in

cl
ud

ed
 in

 p
at

ie
nt

 g
ro

up

As
h

20
05

Br
ai

n 
an

d 
La

ng
ua

ge
FT

LD
 p

at
ie

nt
s 

in
cl

ud
ed

 in
 p

at
ie

nt
 g

ro
up

Av
an

ts
20

10
N

eu
ro

Im
ag

e
FT

LD
 p

at
ie

nt
s 

in
cl

ud
ed

 in
 p

at
ie

nt
 g

ro
up

Ba
rn

es
20

06
Ar

ch
iv

es
 o

f N
eu

ro
lo

gy
FT

LD
 p

at
ie

nt
s 

in
cl

ud
ed

 in
 p

at
ie

nt
 g

ro
up

Be
be

r
20

13
D

em
en

tia
 &

 N
eu

ro
ps

yc
ho

lo
gi

a
FT

LD
 p

at
ie

nt
s 

in
cl

ud
ed

 in
 p

at
ie

nt
 g

ro
up

Be
di

ou
20

09
Jo

ur
na

l o
f G

er
ia

tr
ic

 P
sy

ch
ia

tr
y 

&
 N

eu
ro

lo
gy

FT
LD

 p
at

ie
nt

s 
in

cl
ud

ed
 in

 p
at

ie
nt

 g
ro

up

Be
lla

ss
en

20
12

Jo
ur

na
l o

f N
eu

ro
sc

ie
nc

e
FT

LD
 p

at
ie

nt
s 

in
cl

ud
ed

 in
 p

at
ie

nt
 g

ro
up

Be
nu

ss
i

20
17

N
eu

ro
lo

gy
FT

LD
 p

at
ie

nt
s 

in
cl

ud
ed

 in
 p

at
ie

nt
 g

ro
up

Bi
ne

tt
i

20
00

Ar
ch

iv
es

 o
f N

eu
ro

lo
gy

FT
LD

 p
at

ie
nt

s 
in

cl
ud

ed
 in

 p
at

ie
nt

 g
ro

up

Bl
ai

r
20

06
Jo

ur
na

l o
f t

he
 In

te
rn

at
io

na
l N

eu
ro

ps
yc

ho
lo

gi
ca

l S
oc

ie
ty

FT
LD

 p
at

ie
nt

s 
in

cl
ud

ed
 in

 p
at

ie
nt

 g
ro

up

3



112 113

The cognitive profile of bvFTD and its similarities with ALSChapter 3

Ta
bl

e 
e-

4.
 C

on
tin

ue
d.

Bo
ba

n
20

12
Jo

ur
na

l o
f G

er
ia

tr
ic

 P
sy

ch
ia

tr
y 

&
 N

eu
ro

lo
gy

FT
LD

 p
at

ie
nt

s 
in

cl
ud

ed
 in

 p
at

ie
nt

 g
ro

up

Bo
ct

i
20

06
D

em
en

tia
 &

 G
er

ia
tr

ic
 C

og
ni

tiv
e 

D
is

or
de

rs
FT

LD
 p

at
ie

nt
s 

in
cl

ud
ed

 in
 p

at
ie

nt
 g

ro
up

Bo
ur

bo
ul

i
20

17
D

em
en

tia
 a

nd
 G

er
ia

tr
ic

 C
og

ni
tiv

e 
D

is
or

de
rs

FT
LD

 p
at

ie
nt

s 
in

cl
ud

ed
 in

 p
at

ie
nt

 g
ro

up

Bo
xe

r
20

12
Ar

ch
iv

es
 o

f N
eu

ro
lo

gy
FT

LD
 p

at
ie

nt
s 

in
cl

ud
ed

 in
 p

at
ie

nt
 g

ro
up

Bo
zz

al
i

20
13

Jo
ur

na
l o

f A
lz

he
im

er
’s 

D
is

ea
se

FT
LD

 p
at

ie
nt

s 
in

cl
ud

ed
 in

 p
at

ie
nt

 g
ro

up

Bu
rr

el
l

20
12

N
eu

ro
lo

gy
FT

LD
 p

at
ie

nt
s 

in
cl

ud
ed

 in
 p

at
ie

nt
 g

ro
up

Bu
ss

e
20

14
N

eu
ro

sc
ie

nc
e 

Re
se

ar
ch

FT
LD

 p
at

ie
nt

s 
in

cl
ud

ed
 in

 p
at

ie
nt

 g
ro

up

Ca
rli

no
20

14
N

eu
ro

Re
po

rt
FT

LD
 p

at
ie

nt
s 

in
cl

ud
ed

 in
 p

at
ie

nt
 g

ro
up

Ch
an

20
09

Br
ai

n
FT

LD
 p

at
ie

nt
s 

in
cl

ud
ed

 in
 p

at
ie

nt
 g

ro
up

Ch
ow

20
08

D
em

en
tia

 a
nd

 G
er

ia
tr

ic
 C

og
ni

tiv
e 

D
is

or
de

rs
FT

LD
 p

at
ie

nt
s 

in
cl

ud
ed

 in
 p

at
ie

nt
 g

ro
up

Co
m

i
20

10
Jo

ur
na

l o
f A

lz
he

im
er

’s 
D

is
ea

se
FT

LD
 p

at
ie

nt
s 

in
cl

ud
ed

 in
 p

at
ie

nt
 g

ro
up

Co
ok

e
20

03
Br

ai
n 

an
d 

La
ng

ua
ge

FT
LD

 p
at

ie
nt

s 
in

cl
ud

ed
 in

 p
at

ie
nt

 g
ro

up

Cr
ai

g-
Sc

ha
pi

ro
20

10
Bi

ol
og

ic
al

 P
sy

ch
ia

tr
y

FT
LD

 p
at

ie
nt

s 
in

cl
ud

ed
 in

 p
at

ie
nt

 g
ro

up

D
al

to
n

20
13

N
eu

ro
Im

ag
e:

 c
lin

ic
al

FT
LD

 p
at

ie
nt

s 
in

cl
ud

ed
 in

 p
at

ie
nt

 g
ro

up

D
ar

ve
sh

20
05

Ca
na

di
an

 Jo
ur

na
l o

f N
eu

ro
lo

gi
ca

l S
ci

en
ce

s
FT

LD
 p

at
ie

nt
s 

in
cl

ud
ed

 in
 p

at
ie

nt
 g

ro
up

D
av

at
zi

ko
s

20
08

N
eu

ro
Im

ag
e

FT
LD

 p
at

ie
nt

s 
in

cl
ud

ed
 in

 p
at

ie
nt

 g
ro

up

D
av

is
20

10
N

eu
ro

ca
se

FT
LD

 p
at

ie
nt

s 
in

cl
ud

ed
 in

 p
at

ie
nt

 g
ro

up

de
 B

oy
ss

on
20

11
Br

ai
n 

an
d 

Co
gn

iti
on

FT
LD

 p
at

ie
nt

s 
in

cl
ud

ed
 in

 p
at

ie
nt

 g
ro

up

de
 S

im
on

e
20

07
D

em
en

tia
 a

nd
 G

er
ia

tr
ic

 C
og

ni
tiv

e 
D

is
or

de
rs

FT
LD

 p
at

ie
nt

s 
in

cl
ud

ed
 in

 p
at

ie
nt

 g
ro

up

D
es

ph
an

de
20

04
Br

ai
n 

an
d 

Co
gn

iti
on

FT
LD

 p
at

ie
nt

s 
in

cl
ud

ed
 in

 p
at

ie
nt

 g
ro

up

D
ie

hl
20

05
Ak

tu
el

le
 N

eu
ro

lo
gi

e
FT

LD
 p

at
ie

nt
s 

in
cl

ud
ed

 in
 p

at
ie

nt
 g

ro
up

D
ub

oi
s

20
00

N
eu

ro
lo

gy
FT

LD
 p

at
ie

nt
s 

in
cl

ud
ed

 in
 p

at
ie

nt
 g

ro
up

D
ud

as
20

05
Am

er
ic

an
 Jo

ur
na

l o
f G

er
ia

tr
ic

 P
sy

ch
ia

tr
y

FT
LD

 p
at

ie
nt

s 
in

cl
ud

ed
 in

 p
at

ie
nt

 g
ro

up

Ta
bl

e 
e-

4.
 C

on
tin

ue
d.

D
uk

ar
ts

20
10

N
eu

ro
Im

ag
e

FT
LD

 p
at

ie
nt

s 
in

cl
ud

ed
 in

 p
at

ie
nt

 g
ro

up

Ec
on

om
ou

20
16

Al
zh

ei
m

er
 D

is
ea

se
 &

 A
ss

oc
ia

te
d 

D
is

or
de

rs
FT

LD
 p

at
ie

nt
s 

in
cl

ud
ed

 in
 p

at
ie

nt
 g

ro
up

Fr
in

gs
20

11
Cu

rr
en

t A
lz

he
im

er
 R

es
ea

rc
h

FT
LD

 p
at

ie
nt

s 
in

cl
ud

ed
 in

 p
at

ie
nt

 g
ro

up

Fr
is

ch
20

13
PL

oS
 O

N
E

FT
LD

 p
at

ie
nt

s 
in

cl
ud

ed
 in

 p
at

ie
nt

 g
ro

up

G
al

im
be

rt
i

20
08

Jo
ur

na
l o

f N
eu

ro
lo

gy
FT

LD
 p

at
ie

nt
s 

in
cl

ud
ed

 in
 p

at
ie

nt
 g

ro
up

G
hi

do
ni

20
08

N
eu

ro
lo

gy
FT

LD
 p

at
ie

nt
s 

in
cl

ud
ed

 in
 p

at
ie

nt
 g

ro
up

G
oo

dk
in

d
20

10
Ps

yc
ho

lo
gy

 &
 A

gi
ng

FT
LD

 p
at

ie
nt

s 
in

cl
ud

ed
 in

 p
at

ie
nt

 g
ro

up

G
rie

de
r

20
13

Jo
ur

na
l o

f A
lz

he
im

er
’s 

D
is

ea
se

FT
LD

 p
at

ie
nt

s 
in

cl
ud

ed
 in

 p
at

ie
nt

 g
ro

up

G
ro

ss
m

an
19

96
N

eu
ro

lo
gy

FT
LD

 p
at

ie
nt

s 
in

cl
ud

ed
 in

 p
at

ie
nt

 g
ro

up

G
yu

ra
k

20
12

Co
gn

iti
on

 a
nd

 E
m

ot
io

n
FT

LD
 p

at
ie

nt
s 

in
cl

ud
ed

 in
 p

at
ie

nt
 g

ro
up

G
yu

ra
k

20
09

Co
gn

iti
ve

, A
ffe

ct
iv

e,
 &

 B
eh

av
io

ra
l N

eu
ro

sc
ie

nc
e

FT
LD

 p
at

ie
nt

s 
in

cl
ud

ed
 in

 p
at

ie
nt

 g
ro

up

H
ai

ls
to

ne
20

10
Be

ha
vi

ou
ra

l N
eu

ro
lo

gy
FT

LD
 p

at
ie

nt
s 

in
cl

ud
ed

 in
 p

at
ie

nt
 g

ro
up

H
al

pe
rn

20
07

Br
ai

n 
an

d 
Co

gn
iti

on
FT

LD
 p

at
ie

nt
s 

in
cl

ud
ed

 in
 p

at
ie

nt
 g

ro
up

H
al

pe
rn

20
03

Jo
ur

na
l o

f t
he

 N
eu

ro
lo

gi
ca

l S
ci

en
ce

s
FT

LD
 p

at
ie

nt
s 

in
cl

ud
ed

 in
 p

at
ie

nt
 g

ro
up

H
off

m
an

n
20

13
Am

er
ic

an
 Jo

ur
na

l o
f A

lz
he

im
er

’s 
D

is
ea

se
 &

 O
th

er
 D

em
en

tia
s

FT
LD

 p
at

ie
nt

s 
in

cl
ud

ed
 in

 p
at

ie
nt

 g
ro

up

H
on

da
20

13
In

te
rn

at
io

na
l P

sy
ch

og
er

ia
tr

ic
s

FT
LD

 p
at

ie
nt

s 
in

cl
ud

ed
 in

 p
at

ie
nt

 g
ro

up

H
ue

y
20

15
Co

rt
ex

FT
LD

 p
at

ie
nt

s 
in

cl
ud

ed
 in

 p
at

ie
nt

 g
ro

up

Ja
gu

st
19

89
Am

er
ic

an
 Jo

ur
na

l o
f P

hy
si

ol
og

ic
 Im

ag
in

g
FT

LD
 p

at
ie

nt
s 

in
cl

ud
ed

 in
 p

at
ie

nt
 g

ro
up

Jim
en

ez
-E

sc
rig

20
02

D
em

en
tia

 a
nd

 G
er

ia
tr

ic
 C

og
ni

tiv
e 

D
is

or
de

rs
FT

LD
 p

at
ie

nt
s 

in
cl

ud
ed

 in
 p

at
ie

nt
 g

ro
up

Jo
ha

ns
on

19
90

D
em

en
tia

FT
LD

 p
at

ie
nt

s 
in

cl
ud

ed
 in

 p
at

ie
nt

 g
ro

up

Ka
nt

ar
ci

20
04

N
eu

ro
lo

gy
FT

LD
 p

at
ie

nt
s 

in
cl

ud
ed

 in
 p

at
ie

nt
 g

ro
up

Ka
rja

la
in

en
20

05
Lo

go
pe

di
cs

FT
LD

 p
at

ie
nt

s 
in

cl
ud

ed
 in

 p
at

ie
nt

 g
ro

up

Ke
ss

el
s

20
07

Be
ha

vi
ou

ra
l N

eu
ro

lo
gy

FT
LD

 p
at

ie
nt

s 
in

cl
ud

ed
 in

 p
at

ie
nt

 g
ro

up

3



114 115

The cognitive profile of bvFTD and its similarities with ALSChapter 3

Ta
bl

e 
e-

4.
 C

on
tin

ue
d.

Ki
m

20
07

Jo
ur

na
l o

f N
eu

ro
lo

gy
FT

LD
 p

at
ie

nt
s 

in
cl

ud
ed

 in
 p

at
ie

nt
 g

ro
up

Ko
rt

ve
ly

es
sy

20
15

Jo
ur

na
l o

f A
lz

he
im

er
’s 

D
is

ea
se

FT
LD

 p
at

ie
nt

s 
in

cl
ud

ed
 in

 p
at

ie
nt

 g
ro

up

Le
hm

an
n

20
10

Jo
ur

na
l o

f A
lz

he
im

er
’s 

D
is

ea
se

FT
LD

 p
at

ie
nt

s 
in

cl
ud

ed
 in

 p
at

ie
nt

 g
ro

up

Li
pt

on
20

01
Ar

ch
iv

es
 o

f N
eu

ro
lo

gy
FT

LD
 p

at
ie

nt
s 

in
cl

ud
ed

 in
 p

at
ie

nt
 g

ro
up

M
at

hu
ra

na
th

20
00

N
eu

ro
lo

gy
FT

LD
 p

at
ie

nt
s 

in
cl

ud
ed

 in
 p

at
ie

nt
 g

ro
up

M
cL

au
gh

lin
20

08
Ar

ch
iv

es
 o

f C
lin

ic
al

 N
eu

ro
ps

yc
ho

lo
gy

FT
LD

 p
at

ie
nt

s 
in

cl
ud

ed
 in

 p
at

ie
nt

 g
ro

up

M
io

sh
i

20
13

Jo
ur

na
l o

f G
er

ia
tr

ic
 P

sy
ch

ia
tr

y 
&

 N
eu

ro
lo

gy
FT

LD
 p

at
ie

nt
s 

in
cl

ud
ed

 in
 p

at
ie

nt
 g

ro
up

M
oo

n
20

08
Am

er
ic

an
 Jo

ur
na

l o
f N

eu
ro

ra
di

ol
og

y
FT

LD
 p

at
ie

nt
s 

in
cl

ud
ed

 in
 p

at
ie

nt
 g

ro
up

M
ur

ra
y

20
05

Br
ai

n 
an

d 
La

ng
ua

ge
FT

LD
 p

at
ie

nt
s 

in
cl

ud
ed

 in
 p

at
ie

nt
 g

ro
up

N
ar

m
e

20
13

Jo
ur

na
l o

f C
lin

ic
al

 &
 E

xp
er

im
en

ta
l N

eu
ro

ps
yc

ho
lo

gy
FT

LD
 p

at
ie

nt
s 

in
cl

ud
ed

 in
 p

at
ie

nt
 g

ro
up

O
’K

ee
ffe

20
07

Br
ai

n
FT

LD
 p

at
ie

nt
s 

in
cl

ud
ed

 in
 p

at
ie

nt
 g

ro
up

O
liv

er
20

14
N

eu
ro

ps
yc

ho
lo

gi
a

FT
LD

 p
at

ie
nt

s 
in

cl
ud

ed
 in

 p
at

ie
nt

 g
ro

up

O
liv

er
20

14
N

eu
ro

ps
yc

ho
lo

gi
a

FT
LD

 p
at

ie
nt

s 
in

cl
ud

ed
 in

 p
at

ie
nt

 g
ro

up

O
liv

er
20

15
N

eu
ro

ps
yc

ho
lo

gi
a

FT
LD

 p
at

ie
nt

s 
in

cl
ud

ed
 in

 p
at

ie
nt

 g
ro

up

Pa
kh

om
ov

20
11

Jo
ur

na
l o

f N
eu

ro
lin

gu
is

tic
s

FT
LD

 p
at

ie
nt

s 
in

cl
ud

ed
 in

 p
at

ie
nt

 g
ro

up

Pa
l

20
16

An
na

ls
 o

f I
nd

ia
n 

Ac
ad

em
y 

of
 N

eu
ro

lo
gy

FT
LD

 p
at

ie
nt

s 
in

cl
ud

ed
 in

 p
at

ie
nt

 g
ro

up

Pa
rn

et
ti

20
11

M
ov

em
en

t D
is

or
de

rs
FT

LD
 p

at
ie

nt
s 

in
cl

ud
ed

 in
 p

at
ie

nt
 g

ro
up

Pe
re

ira
20

09
N

eu
ro

lo
gy

FT
LD

 p
at

ie
nt

s 
in

cl
ud

ed
 in

 p
at

ie
nt

 g
ro

up

Po
rt

o
20

08
D

em
en

tia
 &

 N
eu

ro
ps

yc
ho

lo
gi

a
FT

LD
 p

at
ie

nt
s 

in
cl

ud
ed

 in
 p

at
ie

nt
 g

ro
up

Ra
bi

no
vi

ci
20

08
Am

er
ic

an
 Jo

ur
na

l o
f A

lz
he

im
er

’s 
D

is
ea

se
 &

 O
th

er
 D

em
en

tia
s

FT
LD

 p
at

ie
nt

s 
in

cl
ud

ed
 in

 p
at

ie
nt

 g
ro

up

Ra
bi

no
vi

ci
20

07
N

eu
ro

lo
gy

FT
LD

 p
at

ie
nt

s 
in

cl
ud

ed
 in

 p
at

ie
nt

 g
ro

up

Ra
m

i
20

07
Jo

ur
na

l o
f N

eu
ro

lo
gy

FT
LD

 p
at

ie
nt

s 
in

cl
ud

ed
 in

 p
at

ie
nt

 g
ro

up

Ra
m

i
20

08
D

em
en

tia
 &

 G
er

ia
tr

ic
 C

og
ni

tiv
e 

D
is

or
de

rs
FT

LD
 p

at
ie

nt
s 

in
cl

ud
ed

 in
 p

at
ie

nt
 g

ro
up

Ta
bl

e 
e-

4.
 C

on
tin

ue
d.

Re
pe

tt
o

20
08

St
ud

ie
s 

in
 H

ea
lth

 T
ec

hn
ol

og
y 

&
 In

fo
rm

at
ic

s
FT

LD
 p

at
ie

nt
s 

in
cl

ud
ed

 in
 p

at
ie

nt
 g

ro
up

Sa
nt

os
20

14
Pr

og
re

ss
 in

 N
eu

ro
-p

sy
ch

op
ha

rm
ac

ol
og

y 
&

 B
io

lo
gi

ca
l P

sy
ch

ia
tr

y
FT

LD
 p

at
ie

nt
s 

in
cl

ud
ed

 in
 p

at
ie

nt
 g

ro
up

Sc
ho

on
en

bo
om

20
05

Cl
in

ic
al

 C
he

m
is

tr
y

FT
LD

 p
at

ie
nt

s 
in

cl
ud

ed
 in

 p
at

ie
nt

 g
ro

up

Se
rip

a
20

11
Ar

ch
iv

es
 o

f N
eu

ro
lo

gy
FT

LD
 p

at
ie

nt
s 

in
cl

ud
ed

 in
 p

at
ie

nt
 g

ro
up

Se
rip

a
20

12
Jo

ur
na

l o
f A

lz
he

im
er

’s 
D

is
ea

se
FT

LD
 p

at
ie

nt
s 

in
cl

ud
ed

 in
 p

at
ie

nt
 g

ro
up

Se
rr

an
i

20
13

N
eu

ro
lo

gi
a

FT
LD

 p
at

ie
nt

s 
in

cl
ud

ed
 in

 p
at

ie
nt

 g
ro

up

Sh
ig

en
ob

u
20

02
Ps

yc
hi

at
ry

 R
es

ea
rc

h
FT

LD
 p

at
ie

nt
s 

in
cl

ud
ed

 in
 p

at
ie

nt
 g

ro
up

So
de

rlu
nd

20
08

N
eu

ro
ps

yc
ho

lo
gi

a
FT

LD
 p

at
ie

nt
s 

in
cl

ud
ed

 in
 p

at
ie

nt
 g

ro
up

St
ur

m
20

06
Br

ai
n

FT
LD

 p
at

ie
nt

s 
in

cl
ud

ed
 in

 p
at

ie
nt

 g
ro

up

St
ur

m
20

15
Co

rt
ex

FT
LD

 p
at

ie
nt

s 
in

cl
ud

ed
 in

 p
at

ie
nt

 g
ro

up

St
ur

m
20

08
Em

ot
io

n
FT

LD
 p

at
ie

nt
s 

in
cl

ud
ed

 in
 p

at
ie

nt
 g

ro
up

Su
ar

ez
-C

al
ve

t
20

14
Jo

ur
na

l o
f N

eu
ro

lo
gy

, N
eu

ro
su

rg
er

y 
an

d 
Ps

yc
hi

at
ry

FT
LD

 p
at

ie
nt

s 
in

cl
ud

ed
 in

 p
at

ie
nt

 g
ro

up

Ta
llb

er
g

20
02

Br
ai

n 
an

d 
La

ng
ua

ge
FT

LD
 p

at
ie

nt
s 

in
cl

ud
ed

 in
 p

at
ie

nt
 g

ro
up

Ta
ra

w
ne

h
20

11
An

na
ls

 o
f N

eu
ro

lo
gy

FT
LD

 p
at

ie
nt

s 
in

cl
ud

ed
 in

 p
at

ie
nt

 g
ro

up

Tr
oi

an
i

20
11

N
eu

ro
ps

yc
ho

lo
gy

FT
LD

 p
at

ie
nt

s 
in

cl
ud

ed
 in

 p
at

ie
nt

 g
ro

up

Vi
gn

in
i

20
13

Ex
pe

rim
en

ta
l G

er
on

to
lo

gy
FT

LD
 p

at
ie

nt
s 

in
cl

ud
ed

 in
 p

at
ie

nt
 g

ro
up

Vi
lle

m
ag

ne
20

11
Jo

ur
na

l o
f N

uc
le

ar
 M

ed
ic

in
e

FT
LD

 p
at

ie
nt

s 
in

cl
ud

ed
 in

 p
at

ie
nt

 g
ro

up

W
ar

ke
nt

in
19

93
D

em
en

tia
FT

LD
 p

at
ie

nt
s 

in
cl

ud
ed

 in
 p

at
ie

nt
 g

ro
up

W
ei

ck
er

t
20

13
Co

rt
ex

FT
LD

 p
at

ie
nt

s 
in

cl
ud

ed
 in

 p
at

ie
nt

 g
ro

up

W
er

ne
r

20
07

N
eu

ro
lo

gy
FT

LD
 p

at
ie

nt
s 

in
cl

ud
ed

 in
 p

at
ie

nt
 g

ro
up

W
hi

tw
el

l
20

07
N

eu
ro

Im
ag

e
FT

LD
 p

at
ie

nt
s 

in
cl

ud
ed

 in
 p

at
ie

nt
 g

ro
up

W
ol

f
20

09
N

er
ve

na
rt

zt
FT

LD
 p

at
ie

nt
s 

in
cl

ud
ed

 in
 p

at
ie

nt
 g

ro
up

D
ow

ne
y

20
14

Jo
ur

na
l o

f N
eu

ro
lo

gy
, N

eu
ro

su
rg

er
y 

an
d 

Ps
yc

hi
at

ry
M

N
D

 p
at

ie
nt

s 
in

cl
ud

ed
 in

 th
e 

FT
D

 c
oh

or
t

3



116 117

The cognitive profile of bvFTD and its similarities with ALSChapter 3

Ta
bl

e 
e-

4.
 C

on
tin

ue
d.

Le
e

20
14

Br
ai

n
M

N
D

 p
at

ie
nt

s 
in

cl
ud

ed
 in

 th
e 

FT
D

 c
oh

or
t

M
an

so
or

20
15

Al
zh

ei
m

er
 D

is
ea

se
 &

 A
ss

oc
ia

te
d 

D
is

or
de

rs
M

N
D

 p
at

ie
nt

s 
in

cl
ud

ed
 in

 th
e 

FT
D

 c
oh

or
t

Ad
en

za
to

20
10

N
eu

ro
ps

yc
ho

lo
gi

a
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

Ah
m

ed
20

17
Br

ai
n

N
o 

(s
ta

nd
ar

di
se

d)
 n

eu
ro

ps
yc

ho
lo

gi
ca

l t
es

ts

Ah
m

ed
20

16
Jo

ur
na

l o
f N

eu
ro

lo
gy

N
o 

(s
ta

nd
ar

di
se

d)
 n

eu
ro

ps
yc

ho
lo

gi
ca

l t
es

ts

Ah
m

ed
20

15
N

eu
ro

lo
gy

N
o 

(s
ta

nd
ar

di
se

d)
 n

eu
ro

ps
yc

ho
lo

gi
ca

l t
es

ts

Al
be

ric
i

20
08

Ac
ta

 N
eu

ro
l S

ca
nd

N
o 

(s
ta

nd
ar

di
se

d)
 n

eu
ro

ps
yc

ho
lo

gi
ca

l t
es

ts

Al
co

le
a

20
17

N
eu

ro
lo

gy
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

Am
bi

ka
ira

ja
h

20
14

Am
yo

tr
op

hi
c 

La
te

ra
l s

cl
er

os
is

 &
 F

ro
nt

ot
em

po
ra

l D
eg

en
er

at
io

n
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

An
to

in
e

20
05

Re
vu

e 
de

 G
er

ia
tr

ie
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

Ar
ro

yo
-A

nl
lo

20
15

Jo
ur

na
l o

f A
lz

he
im

er
’s 

D
is

ea
se

N
o 

(s
ta

nd
ar

di
se

d)
 n

eu
ro

ps
yc

ho
lo

gi
ca

l t
es

ts

Ar
ro

yo
-A

nl
lo

20
17

Jo
ur

na
l o

f A
lz

he
im

er
’s 

D
is

ea
se

N
o 

(s
ta

nd
ar

di
se

d)
 n

eu
ro

ps
yc

ho
lo

gi
ca

l t
es

ts

Av
an

ts
20

14
N

eu
ro

Im
ag

e
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

Ba
ez

20
14

JA
M

A 
N

eu
ro

lo
gy

N
o 

(s
ta

nd
ar

di
se

d)
 n

eu
ro

ps
yc

ho
lo

gi
ca

l t
es

ts

Ba
ez

20
16

N
eu

ro
de

ge
ne

ra
tiv

e 
D

is
ea

se
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

Ba
k

20
07

Pr
ac

tic
al

 N
eu

ro
lo

gy
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

Ba
la

sa
20

15
N

eu
ro

pa
th

ol
og

y 
&

 A
pp

lie
d 

N
eu

ro
bi

ol
og

y
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

Ba
ld

oc
k

20
14

Ar
ch

iv
es

 o
f C

lin
ic

al
 N

eu
ro

ps
yc

ho
lo

gy
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

Be
hr

ou
zi

20
16

Ac
ta

 N
eu

ro
pa

th
ol

og
ic

a
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

Be
rt

ou
x

20
15

Fr
on

tie
rs

 in
 N

eu
ro

lo
gy

N
o 

(s
ta

nd
ar

di
se

d)
 n

eu
ro

ps
yc

ho
lo

gi
ca

l t
es

ts

Be
rt

ou
x

20
16

N
eu

ro
lo

gy
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

Bi
bl

20
12

Jo
ur

na
l o

f N
eu

ra
l T

ra
ns

m
is

si
on

N
o 

(s
ta

nd
ar

di
se

d)
 n

eu
ro

ps
yc

ho
lo

gi
ca

l t
es

ts

Bi
ck

ar
t

20
14

Jo
ur

na
l o

f N
eu

ro
lo

gy
, N

eu
ro

su
rg

er
y 

an
d 

Ps
yc

hi
at

ry
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

Ta
bl

e 
e-

4.
 C

on
tin

ue
d.

Bi
ck

ar
t

20
14

Jo
ur

na
l o

f N
eu

ro
lo

gy
, N

eu
ro

su
rg

er
y 

an
d 

Ps
yc

hi
at

ry
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

Bi
sb

in
g

20
15

Fr
on

tie
rs

 in
 H

um
an

 N
eu

ro
sc

ie
nc

e
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

Bl
ai

r
20

16
Ca

na
di

an
 Jo

ur
na

l o
f N

eu
ro

lo
gi

ca
l S

ci
en

ce
s

N
o 

(s
ta

nd
ar

di
se

d)
 n

eu
ro

ps
yc

ho
lo

gi
ca

l t
es

ts

Bo
ch

et
ta

20
16

N
eu

ro
Im

ag
e

N
o 

(s
ta

nd
ar

di
se

d)
 n

eu
ro

ps
yc

ho
lo

gi
ca

l t
es

ts

Bo
na

ki
s

20
14

Jo
ur

na
l o

f A
lz

he
im

er
’s 

D
is

ea
se

N
o 

(s
ta

nd
ar

di
se

d)
 n

eu
ro

ps
yc

ho
lo

gi
ca

l t
es

ts

Bo
rr

on
i

20
08

N
eu

ro
ge

ne
tic

s
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

Bo
rr

on
i

20
10

Re
ju

ve
na

tio
n 

Re
se

ar
ch

N
o 

(s
ta

nd
ar

di
se

d)
 n

eu
ro

ps
yc

ho
lo

gi
ca

l t
es

ts

Bo
xe

r
20

06
Jo

ur
na

l o
f N

eu
ro

sc
ie

nc
e

N
o 

(s
ta

nd
ar

di
se

d)
 n

eu
ro

ps
yc

ho
lo

gi
ca

l t
es

ts

Br
od

at
y

20
15

Jo
ur

na
l o

f t
he

 A
m

er
ic

an
 M

ed
ic

al
 D

ire
ct

or
s 

As
so

ci
at

io
n

N
o 

(s
ta

nd
ar

di
se

d)
 n

eu
ro

ps
yc

ho
lo

gi
ca

l t
es

ts

Br
on

20
17

Eu
ro

pi
an

 R
ad

io
lo

gy
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

Br
un

19
94

Jo
ur

na
l o

f N
eu

ro
lo

gy
, N

eu
ro

su
rg

er
y 

an
d 

Ps
yc

hi
at

ry
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

Bu
ss

e
20

17
Jo

ur
na

l o
f A

lz
he

im
er

’s 
D

is
ea

se
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

Ca
ix

et
a

20
15

Cl
in

ic
al

 P
ra

ct
ic

e 
&

 E
pi

de
m

io
lo

gy
 in

 M
en

ta
l H

ea
lth

N
o 

(s
ta

nd
ar

di
se

d)
 n

eu
ro

ps
yc

ho
lo

gi
ca

l t
es

ts

Ca
re

cc
hi

o
20

11
Jo

ur
na

l o
f A

lz
he

im
er

’s 
D

is
ea

se
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

Ce
cc

hi
ni

20
17

Jo
ur

na
l o

f N
eu

ro
lo

gy
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

Ch
ao

20
07

Ar
ch

iv
es

 o
f N

eu
ro

lo
gy

N
o 

(s
ta

nd
ar

di
se

d)
 n

eu
ro

ps
yc

ho
lo

gi
ca

l t
es

ts

Ch
en

20
15

Jo
ur

na
l o

f t
he

 N
eu

ro
lo

gi
ca

l S
ci

en
ce

s
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

Ch
en

20
16

Ps
yc

hi
at

ric
 G

en
et

ic
s

N
o 

(s
ta

nd
ar

di
se

d)
 n

eu
ro

ps
yc

ho
lo

gi
ca

l t
es

ts

Ch
en

20
09

Ps
yc

hi
at

ry
 R

es
ea

rc
h

N
o 

(s
ta

nd
ar

di
se

d)
 n

eu
ro

ps
yc

ho
lo

gi
ca

l t
es

ts

Ch
iu

20
16

Am
er

ic
an

 Jo
ur

na
l o

f G
er

ia
tr

ic
 P

sy
ch

ia
tr

y
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

Co
le

m
an

20
17

D
em

en
tia

 &
 G

er
ia

tr
ic

 C
og

ni
tiv

e 
D

is
or

de
rs

N
o 

(s
ta

nd
ar

di
se

d)
 n

eu
ro

ps
yc

ho
lo

gi
ca

l t
es

ts

Co
te

lli
20

07
N

eu
ro

ps
yc

ho
lo

gi
a

N
o 

(s
ta

nd
ar

di
se

d)
 n

eu
ro

ps
yc

ho
lo

gi
ca

l t
es

ts

Co
te

lli
20

06
N

eu
ro

ps
yc

ho
lo

gy
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

3



118 119

The cognitive profile of bvFTD and its similarities with ALSChapter 3

Ta
bl

e 
e-

4.
 C

on
tin

ue
d.

Co
va

20
12

Co
ns

ci
ou

sn
es

s 
an

d 
Co

gn
iti

on
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

Cu
i

20
16

Ch
in

es
e 

M
ed

ic
al

 Jo
ur

na
l

N
o 

(s
ta

nd
ar

di
se

d)
 n

eu
ro

ps
yc

ho
lo

gi
ca

l t
es

ts

D
ai

an
u

20
16

Br
ai

n 
Im

ag
in

g 
&

 B
eh

av
io

r
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

D
ai

an
u

20
16

H
um

an
 B

ra
in

 M
ap

pi
ng

N
o 

(s
ta

nd
ar

di
se

d)
 n

eu
ro

ps
yc

ho
lo

gi
ca

l t
es

ts

D
ak

so
n

20
11

Ac
ta

 N
eu

ro
pa

th
ol

og
ic

a
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

de
 L

op
ez

20
08

Bi
ol

og
ic

al
 P

sy
ch

ia
tr

y
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

D
el

la
 R

os
a

20
14

N
eu

ro
in

fo
rm

at
ic

s
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

D
eu

ts
ch

20
16

In
te

rn
at

io
na

l P
sy

ch
og

er
ia

tr
ic

s
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

D
ev

en
ne

y
20

14
JA

M
A 

N
eu

ro
lo

gy
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

D
ev

en
ny

20
14

JA
M

A 
N

eu
ro

lo
gy

N
o 

(s
ta

nd
ar

di
se

d)
 n

eu
ro

ps
yc

ho
lo

gi
ca

l t
es

ts

D
ie

tz
20

17
Ze

its
ch

ri
ft

 fu
r G

er
on

to
lo

gi
e 

un
d 

G
er

ia
tr

ie
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

D
im

itr
ov

20
03

Br
ai

n 
an

d 
Co

gn
iti

on
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

Eh
rlé

20
11

G
er

ia
tr

ie
 E

t P
sy

ch
ol

og
ie

 N
eu

ro
ps

yc
hi

at
rie

 D
u 

Vi
ei

lli
ss

em
en

t
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

El
ah

i
20

17
N

eu
ro

Im
ag

e:
 c

lin
ic

al
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

El
am

in
20

16
D

em
en

tia
 &

 G
er

ia
tr

ic
 C

og
ni

tiv
e 

D
is

or
de

rs
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

Fa
ra

g
20

10
Ce

re
br

al
 C

or
te

x
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

Fa
rb

20
13

Co
rt

ex
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

Fe
rn

an
de

z M
at

ar
ru

bi
a

20
17

In
te

rn
at

io
na

l J
ou

rn
al

 o
f G

er
ia

tr
ic

 P
sy

ch
ia

tr
y

N
o 

(s
ta

nd
ar

di
se

d)
 n

eu
ro

ps
yc

ho
lo

gi
ca

l t
es

ts

Fe
rr

ar
i

20
16

Eu
ro

pi
an

 R
ad

io
lo

gy
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

Fe
rr

ar
i

20
17

Jo
ur

na
l o

f A
lz

he
im

er
’s 

D
is

ea
se

N
o 

(s
ta

nd
ar

di
se

d)
 n

eu
ro

ps
yc

ho
lo

gi
ca

l t
es

ts

Fi
an

da
ca

20
15

Al
zh

ei
m

er
’s 

&
 D

em
en

tia
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

Fi
lip

pi
20

13
Th

e 
La

nc
et

 N
eu

ro
lo

gy
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

Fi
or

en
tin

o
20

13
D

em
en

tia
 &

 N
eu

ro
ps

yc
ho

lo
gi

a
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

Ta
bl

e 
e-

4.
 C

on
tin

ue
d.

Fo
ng

20
17

Co
rt

ex
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

Fo
ng

20
17

So
ci

al
 N

eu
ro

sc
ie

nc
e

N
o 

(s
ta

nd
ar

di
se

d)
 n

eu
ro

ps
yc

ho
lo

gi
ca

l t
es

ts

Fo
rs

tl
19

96
D

em
en

tia
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

Fr
ei

ta
s

20
12

Jo
ur

na
l o

f G
er

ia
tr

ic
 P

sy
ch

ia
tr

y
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

Fr
in

gs
20

14
PL

oS
 O

N
E

N
o 

(s
ta

nd
ar

di
se

d)
 n

eu
ro

ps
yc

ho
lo

gi
ca

l t
es

ts

Fr
in

gs
20

14
PL

oS
 O

N
E

N
o 

(s
ta

nd
ar

di
se

d)
 n

eu
ro

ps
yc

ho
lo

gi
ca

l t
es

ts

G
al

im
be

rt
i

20
13

Bi
ol

og
ic

al
 P

sy
ch

ia
tr

y
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

G
ar

ra
ux

19
98

N
eu

ro
Im

ag
e

N
o 

(s
ta

nd
ar

di
se

d)
 n

eu
ro

ps
yc

ho
lo

gi
ca

l t
es

ts

G
ol

im
st

ok
20

14
Tr

an
sl

at
io

na
l N

eu
ro

de
ge

ne
ra

tio
n

N
o 

(s
ta

nd
ar

di
se

d)
 n

eu
ro

ps
yc

ho
lo

gi
ca

l t
es

ts

G
oo

dk
in

d
20

15
Em

ot
io

n
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

G
oo

ss
en

s
20

17
Jo

ur
na

l o
f A

lz
he

im
er

’s 
D

is
ea

se
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

G
ra

fm
an

19
99

La
nc

et
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

G
un

aw
ar

de
na

20
10

N
eu

ro
lo

gy
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

H
al

ab
i

20
13

Al
zh

ei
m

er
 D

is
ea

se
 &

 A
ss

oc
ia

te
d 

D
is

or
de

rs
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

H
al

pe
rn

20
13

Ps
yc

ho
lo

gy
 o

f A
es

th
et

ic
s,

 C
re

at
iv

ity
, a

nd
 th

e 
Ar

ts
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

H
en

ry
20

14
N

eu
ro

ps
yc

ho
lo

gi
a

N
o 

(s
ta

nd
ar

di
se

d)
 n

eu
ro

ps
yc

ho
lo

gi
ca

l t
es

ts

H
si

eh
20

15
D

em
en

tia
 &

 G
er

ia
tr

ic
 C

og
ni

tiv
e 

D
is

or
de

rs
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

Ia
va

ro
ne

20
04

Fu
nc

tio
na

l N
eu

ro
lo

gy
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

Ib
an

ez
20

13
Co

gn
iti

ve
 N

eu
ro

sc
ie

nc
e

N
o 

(s
ta

nd
ar

di
se

d)
 n

eu
ro

ps
yc

ho
lo

gi
ca

l t
es

ts

Jo
hn

en
20

15
Jo

ur
na

l o
f N

eu
ro

lo
gy

, N
eu

ro
su

rg
er

y 
an

d 
Ps

yc
hi

at
ry

N
o 

(s
ta

nd
ar

di
se

d)
 n

eu
ro

ps
yc

ho
lo

gi
ca

l t
es

ts

Jo
nk

er
19

91
N

ed
er

la
nd

s 
Ti

jd
sc

hr
ift

 v
oo

r G
en

ee
sk

un
de

N
o 

(s
ta

nd
ar

di
se

d)
 n

eu
ro

ps
yc

ho
lo

gi
ca

l t
es

ts

Jo
se

ph
s

20
15

La
nc

et
 N

eu
ro

lo
gy

N
o 

(s
ta

nd
ar

di
se

d)
 n

eu
ro

ps
yc

ho
lo

gi
ca

l t
es

ts

Jo
se

ph
s

20
08

N
eu

ro
bi

ol
og

y 
of

 A
gi

ng
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

3



120 121

The cognitive profile of bvFTD and its similarities with ALSChapter 3

Ta
bl

e 
e-

4.
 C

on
tin

ue
d.

Jo
sh

i
20

14
Th

e 
Jo

ur
na

l o
f N

eu
ro

ps
yc

hi
at

ry
 a

nd
 C

lin
ic

al
 N

eu
ro

sc
ie

nc
es

N
o 

(s
ta

nd
ar

di
se

d)
 n

eu
ro

ps
yc

ho
lo

gi
ca

l t
es

ts

Jo
sh

i
20

17
Th

e 
Jo

ur
na

l o
f N

eu
ro

ps
yc

hi
at

ry
 a

nd
 C

lin
ic

al
 N

eu
ro

sc
ie

nc
es

N
o 

(s
ta

nd
ar

di
se

d)
 n

eu
ro

ps
yc

ho
lo

gi
ca

l t
es

ts

Jo
sh

i
20

14
Th

e 
Jo

ur
na

l o
f n

eu
ro

ps
yc

hi
at

ry
 a

nd
 c

lin
ic

al
 n

eu
ro

sc
ie

nc
es

N
o 

(s
ta

nd
ar

di
se

d)
 n

eu
ro

ps
yc

ho
lo

gi
ca

l t
es

ts

Ki
m

20
02

N
eu

ro
sc

ie
nc

e 
Le

tt
er

s
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

Ki
pp

s
20

08
N

eu
ro

lo
gy

N
o 

(s
ta

nd
ar

di
se

d)
 n

eu
ro

ps
yc

ho
lo

gi
ca

l t
es

ts

La
is

ne
y

20
11

Re
vu

e 
de

 N
eu

ro
ps

yc
ho

lo
gi

e,
 N

eu
ro

sc
ie

nc
es

 C
og

ni
tiv

es
 e

t C
lin

iq
ue

s
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

La
m

20
14

H
um

an
 B

ra
in

 M
ap

pi
ng

N
o 

(s
ta

nd
ar

di
se

d)
 n

eu
ro

ps
yc

ho
lo

gi
ca

l t
es

ts

La
rn

er
20

16
Th

e 
Jo

ur
na

l o
f t

he
 R

oy
al

 C
ol

le
ge

 o
f P

hy
si

ci
an

s 
of

 E
di

nb
ur

gh
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

Le
uz

y
20

16
Br

ai
n 

St
ru

ct
ur

e 
an

d 
Fu

nc
tio

n
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

Li
bo

n
20

11
Th

e 
Cl

in
ic

al
 N

eu
ro

ps
yc

ho
lo

gi
st

N
o 

(s
ta

nd
ar

di
se

d)
 n

eu
ro

ps
yc

ho
lo

gi
ca

l t
es

ts

Li
m

a-
Si

lv
a

20
13

D
em

en
tia

 &
 N

eu
ro

ps
yc

ho
lo

gi
a

N
o 

(s
ta

nd
ar

di
se

d)
 n

eu
ro

ps
yc

ho
lo

gi
ca

l t
es

ts

Li
st

a
20

17
Jo

ur
na

l o
f A

lz
he

im
er

’s 
D

is
ea

se
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

Li
st

a
20

17
N

eu
ro

ch
em

is
tr

y 
In

te
rn

at
io

na
l

N
o 

(s
ta

nd
ar

di
se

d)
 n

eu
ro

ps
yc

ho
lo

gi
ca

l t
es

ts

Lo
oi

20
12

Au
st

ra
lia

n 
&

 N
ew

 Z
ea

la
nd

 Jo
ur

na
l o

f P
sy

ch
ia

tr
y

N
o 

(s
ta

nd
ar

di
se

d)
 n

eu
ro

ps
yc

ho
lo

gi
ca

l t
es

ts

Lo
pe

z-
G

on
za

le
z

20
16

Jo
ur

na
l o

f A
lz

he
im

er
’s 

D
is

ea
se

N
o 

(s
ta

nd
ar

di
se

d)
 n

eu
ro

ps
yc

ho
lo

gi
ca

l t
es

ts

Lu
20

14
Jo

ur
na

l o
f A

lz
he

im
er

’s 
D

is
ea

se
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

Lu
is

20
16

Jo
ur

na
l o

f A
lz

he
im

er
’s 

D
is

ea
se

N
o 

(s
ta

nd
ar

di
se

d)
 n

eu
ro

ps
yc

ho
lo

gi
ca

l t
es

ts

M
ag

da
lin

ou
20

15
Jo

ur
na

l o
f N

eu
ro

lo
gy

, N
eu

ro
su

rg
er

y 
an

d 
Ps

yc
hi

at
ry

N
o 

(s
ta

nd
ar

di
se

d)
 n

eu
ro

ps
yc

ho
lo

gi
ca

l t
es

ts

M
as

er
at

i
20

15
Be

ha
vi

ou
ra

l N
eu

ro
lo

gy
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

M
as

si
m

o
20

15
Fr

on
tie

rs
 in

 H
um

an
 N

eu
ro

sc
ie

nc
e

N
o 

(s
ta

nd
ar

di
se

d)
 n

eu
ro

ps
yc

ho
lo

gi
ca

l t
es

ts

M
cM

ill
an

20
13

Fr
on

tie
rs

 in
 P

sy
ch

ol
og

y
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

M
ee

te
r

20
16

An
na

ls
 o

f C
lin

ic
al

 a
nd

 T
ra

ns
la

tio
na

l N
eu

ro
lo

gy
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

M
en

de
z

20
09

Am
er

ic
an

 Jo
ur

na
l o

f A
lz

he
im

er
’s 

D
is

ea
se

 &
 O

th
er

 D
em

en
tia

s
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

Ta
bl

e 
e-

4.
 C

on
tin

ue
d.

M
en

de
z

20
05

Co
gn

iti
ve

 &
 B

eh
av

io
ra

l N
eu

ro
lo

gy
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

M
ill

en
aa

r
20

17
Ag

in
g 

&
 M

en
ta

l H
ea

lth
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

M
or

en
as

-R
od

rig
ue

z
20

15
Jo

ur
na

l o
f A

lz
he

im
er

’s 
D

is
ea

se
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

M
os

co
ni

20
08

Th
e 

Jo
ur

na
l o

f N
uc

le
ar

 M
ed

ic
in

e
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

N
is

hi
da

20
11

Cl
in

ic
al

 N
eu

ro
ph

ys
io

lo
gy

N
o 

(s
ta

nd
ar

di
se

d)
 n

eu
ro

ps
yc

ho
lo

gi
ca

l t
es

ts

O
ht

a
20

17
Jo

ur
na

l o
f t

he
 N

eu
ro

lo
gi

ca
l S

ci
en

ce
s

N
o 

(s
ta

nd
ar

di
se

d)
 n

eu
ro

ps
yc

ho
lo

gi
ca

l t
es

ts

O
m

er
20

17
Am

yo
tr

op
hi

c 
La

te
ra

l s
cl

er
os

is
 &

 F
ro

nt
ot

em
po

ra
l D

eg
en

er
at

io
n

N
o 

(s
ta

nd
ar

di
se

d)
 n

eu
ro

ps
yc

ho
lo

gi
ca

l t
es

ts

Pa
lu

m
bo

20
14

O
pe

n 
N

uc
le

ar
 M

ed
ic

in
e 

Jo
ur

na
l

N
o 

(s
ta

nd
ar

di
se

d)
 n

eu
ro

ps
yc

ho
lo

gi
ca

l t
es

ts

Pa
sq

ui
er

20
01

N
eu

ro
ca

se
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

Pe
ra

ni
20

14
N

eu
ro

Im
ag

e:
 c

lin
ic

al
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

Pe
rn

ec
zk

y
20

07
Th

e 
Eu

ro
pe

an
 Jo

ur
na

l o
f N

uc
le

ar
 M

ed
ic

in
e 

an
d 

M
ol

ec
ul

ar
 Im

ag
in

g
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

Pe
rr

i
20

13
Jo

ur
na

l o
f A

lz
he

im
er

’s 
D

is
ea

se
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

Pi
jn

en
bu

rg
20

15
Al

zh
ei

m
er

’s 
&

 D
em

en
tia

: d
ia

gn
os

is
, a

ss
es

sm
en

t &
 d

is
ea

se
 m

on
ito

rin
g

N
o 

(s
ta

nd
ar

di
se

d)
 n

eu
ro

ps
yc

ho
lo

gi
ca

l t
es

ts

Pr
es

sm
an

20
17

Jo
ur

na
l o

f N
eu

ro
lo

gy
, N

eu
ro

su
rg

er
y 

an
d 

Ps
yc

hi
at

ry
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

Ra
nk

in
20

08
Jo

ur
na

l o
f C

lin
ic

al
 P

sy
ch

ia
tr

y
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

Ro
ga

ls
ki

20
08

Ar
ch

iv
es

 o
f N

eu
ro

lo
gy

N
o 

(s
ta

nd
ar

di
se

d)
 n

eu
ro

ps
yc

ho
lo

gi
ca

l t
es

ts

Ro
se

nb
er

g
20

02
Jo

ur
na

l o
f t

he
 A

m
er

ic
an

 M
ed

ic
al

 A
ss

oc
ia

tio
n

N
o 

(s
ta

nd
ar

di
se

d)
 n

eu
ro

ps
yc

ho
lo

gi
ca

l t
es

ts

Ru
bi

ns
zt

ei
n

20
16

N
at

ur
e 

M
ed

ic
in

e
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

Sa
w

rie
19

99
Th

e 
Jo

ur
na

ls
 o

f G
er

on
to

lo
gy

N
o 

(s
ta

nd
ar

di
se

d)
 n

eu
ro

ps
yc

ho
lo

gi
ca

l t
es

ts

Sc
ha

nz
20

16
M

us
cl

e 
N

er
ve

N
o 

(s
ta

nd
ar

di
se

d)
 n

eu
ro

ps
yc

ho
lo

gi
ca

l t
es

ts

Sc
hi

rin
zi

20
17

Jo
ur

na
l o

f N
eu

ra
l T

ra
ns

m
is

si
on

N
o 

(s
ta

nd
ar

di
se

d)
 n

eu
ro

ps
yc

ho
lo

gi
ca

l t
es

ts

Sc
hr

oe
te

r
20

14
Co

rt
ex

N
o 

(s
ta

nd
ar

di
se

d)
 n

eu
ro

ps
yc

ho
lo

gi
ca

l t
es

ts

Sc
hr

oe
te

r
20

14
Co

rt
ex

N
o 

(s
ta

nd
ar

di
se

d)
 n

eu
ro

ps
yc

ho
lo

gi
ca

l t
es

ts

3



122 123

The cognitive profile of bvFTD and its similarities with ALSChapter 3

Ta
bl

e 
e-

4.
 C

on
tin

ue
d.

Sh
am

s
20

17
Am

er
ic

an
 Jo

ur
na

l o
f N

eu
ro

ra
di

ol
og

y
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

Sh
an

y-
U

r
20

14
Br

ai
n

N
o 

(s
ta

nd
ar

di
se

d)
 n

eu
ro

ps
yc

ho
lo

gi
ca

l t
es

ts

Sh
do

20
17

N
eu

ro
ps

yc
ho

lo
gi

a
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

Sh
ee

la
ku

m
ar

i
20

17
Am

er
ic

an
 Jo

ur
na

l o
f N

eu
ro

ra
di

ol
og

y
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

Sk
ill

ba
ck

20
14

N
eu

ro
lo

gy
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

So
llb

er
ge

er
20

14
Br

ai
n 

an
d 

Be
ha

vi
or

N
o 

(s
ta

nd
ar

di
se

d)
 n

eu
ro

ps
yc

ho
lo

gi
ca

l t
es

ts

So
ul

ie
z

19
96

Co
rt

ex
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

Sp
ot

or
no

20
15

N
eu

ro
ps

yc
ho

lo
gi

a
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

St
. J

ac
qu

es
20

15
N

eu
ro

ca
se

N
o 

(s
ta

nd
ar

di
se

d)
 n

eu
ro

ps
yc

ho
lo

gi
ca

l t
es

ts

St
ef

an
i

20
15

Fr
on

tie
rs

 in
 A

gi
ng

 N
eu

ro
sc

ie
nc

e
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

St
ek

et
ee

20
16

N
eu

ro
bi

ol
og

y 
of

 A
gi

ng
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

St
re

nz
io

k
20

11
Co

gn
iti

ve
 &

 B
eh

av
io

ra
l N

eu
ro

lo
gy

N
o 

(s
ta

nd
ar

di
se

d)
 n

eu
ro

ps
yc

ho
lo

gi
ca

l t
es

ts

St
ro

hm
in

ge
r

20
15

Ps
yc

ho
lo

gi
ca

l S
ci

en
ce

N
o 

(s
ta

nd
ar

di
se

d)
 n

eu
ro

ps
yc

ho
lo

gi
ca

l t
es

ts

St
ru

ha
l

20
14

Jo
ur

na
l o

f A
lz

he
im

er
’s 

D
is

ea
se

N
o 

(s
ta

nd
ar

di
se

d)
 n

eu
ro

ps
yc

ho
lo

gi
ca

l t
es

ts

St
ru

yf
s

20
15

Jo
ur

na
l o

f A
lz

he
im

er
’s 

D
is

ea
se

N
o 

(s
ta

nd
ar

di
se

d)
 n

eu
ro

ps
yc

ho
lo

gi
ca

l t
es

ts

St
ur

m
20

11
Sc

an
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

Ta
n

20
14

Br
ai

n
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

Ta
n

20
14

Br
ai

n
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

Ta
n

20
14

PL
oS

 O
N

E
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

Te
un

is
se

n
20

16
Al

zh
ei

m
er

’s 
&

 D
em

en
tia

: d
ia

gn
os

is
, a

ss
es

sm
en

t &
 d

is
ea

se
 m

on
ito

rin
g

N
o 

(s
ta

nd
ar

di
se

d)
 n

eu
ro

ps
yc

ho
lo

gi
ca

l t
es

ts

To
le

do
20

13
Br

ai
n

N
o 

(s
ta

nd
ar

di
se

d)
 n

eu
ro

ps
yc

ho
lo

gi
ca

l t
es

ts

To
rr

al
va

20
09

Jo
ur

na
l o

f t
he

 In
te

rn
at

io
na

l N
eu

ro
ps

yc
ho

lo
gi

ca
l S

oc
ie

ty
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

To
rr

en
te

20
14

Al
zh

ei
m

er
 D

is
ea

se
 &

 A
ss

oc
ia

te
d 

D
is

or
de

rs
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

Ta
bl

e 
e-

4.
 C

on
tin

ue
d.

To
su

n
20

12
N

eu
ro

Im
ag

e
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

To
va

r-
M

ol
l

20
14

PL
oS

 O
N

E
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

Tu
ov

in
en

20
17

Fr
on

tie
rs

 in
 H

um
an

 N
eu

ro
sc

ie
nc

e
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

va
n 

de
n 

St
oc

k
20

17
Co

rt
ex

N
o 

(s
ta

nd
ar

di
se

d)
 n

eu
ro

ps
yc

ho
lo

gi
ca

l t
es

ts

va
n 

Ko
ot

en
20

15
BM

C 
G

er
ia

tr
ic

s
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

Ve
rf

ai
lli

e
20

15
Eu

ro
pi

an
 R

ad
io

lo
gy

N
o 

(s
ta

nd
ar

di
se

d)
 n

eu
ro

ps
yc

ho
lo

gi
ca

l t
es

ts

W
al

te
rf

an
g

20
14

Jo
ur

na
l o

f A
lz

he
im

er
’s 

D
is

ea
se

N
o 

(s
ta

nd
ar

di
se

d)
 n

eu
ro

ps
yc

ho
lo

gi
ca

l t
es

ts

W
el

lin
gt

on
20

16
N

eu
ro

lo
gy

N
o 

(s
ta

nd
ar

di
se

d)
 n

eu
ro

ps
yc

ho
lo

gi
ca

l t
es

ts

W
hi

tw
el

l
20

16
JA

M
A 

N
eu

ro
lo

gy
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

W
hi

tw
el

l
20

10
N

eu
ro

lo
gy

N
o 

(s
ta

nd
ar

di
se

d)
 n

eu
ro

ps
yc

ho
lo

gi
ca

l t
es

ts

W
ill

ia
m

so
n

20
10

Jo
ur

na
l o

f N
eu

ro
lo

gy
, N

eu
ro

su
rg

er
y 

an
d 

Ps
yc

hi
at

ry
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

W
oo

lle
y

20
14

N
eu

ro
lo

gy
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

Ya
ng

20
17

N
at

ur
e 

Sc
ie

nt
ifi

c 
Re

po
rt

s
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

Yu
nu

so
va

20
16

PL
oS

 O
N

E
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

Za
kz

an
is

19
98

N
eu

ro
ps

yc
hi

at
ry

, N
eu

ro
ps

yc
ho

lo
gy

 a
nd

 B
eh

av
io

ra
l N

eu
ro

lo
gy

N
o 

(s
ta

nd
ar

di
se

d)
 n

eu
ro

ps
yc

ho
lo

gi
ca

l t
es

ts

Zh
an

g
20

12
Jo

ur
na

l o
f A

lz
he

im
er

’s 
D

is
ea

se
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

Zi
nt

l
20

09
Am

er
ic

an
 Jo

ur
na

l o
f A

lz
he

im
er

’s 
D

is
ea

se
 &

 O
th

er
 D

em
en

tia
s

N
o 

(s
ta

nd
ar

di
se

d)
 n

eu
ro

ps
yc

ho
lo

gi
ca

l t
es

ts

Zi
nt

l
20

10
N

er
ve

na
rz

t
N

o 
(s

ta
nd

ar
di

se
d)

 n
eu

ro
ps

yc
ho

lo
gi

ca
l t

es
ts

Be
ld

er
bo

s
20

03
In

te
rn

at
io

na
l J

ou
rn

al
 o

f G
er

ia
tr

ic
 P

sy
ch

ia
tr

y
N

o 
FT

D
 p

at
ie

nt
s 

in
cl

ud
ed

D
op

pe
r

20
13

N
eu

ro
lo

gy
N

o 
FT

D
 p

at
ie

nt
s 

in
cl

ud
ed

Fa
lq

ue
z

20
15

N
eu

ro
re

ha
bi

lit
at

io
n

N
o 

FT
D

 p
at

ie
nt

s 
in

cl
ud

ed

Kl
im

ko
w

ic
z

20
16

Jo
ur

na
l o

f t
he

 A
m

er
ic

an
 G

er
ia

tr
ic

s 
So

ci
et

y
N

o 
FT

D
 p

at
ie

nt
s 

in
cl

ud
ed

La
m

m
20

05
Co

gn
iti

ve
 B

ra
in

 R
es

ea
rc

h
N

o 
FT

D
 p

at
ie

nt
s 

in
cl

ud
ed

3



124 125

The cognitive profile of bvFTD and its similarities with ALSChapter 3

Ta
bl

e 
e-

4.
 C

on
tin

ue
d.

La
vo

ie
20

05
Ex

pe
rim

en
ta

l A
gi

ng
 R

es
ea

rc
h

N
o 

FT
D

 p
at

ie
nt

s 
in

cl
ud

ed

M
ac

Ph
er

so
n

20
14

PL
oS

 O
N

E
N

o 
FT

D
 p

at
ie

nt
s 

in
cl

ud
ed

M
or

be
lli

20
16

Eu
ro

pe
an

 Jo
ur

na
l o

f N
uc

le
ar

 M
ed

ic
in

e 
&

 M
ol

ec
ul

ar
 Im

ag
in

g
N

o 
FT

D
 p

at
ie

nt
s 

in
cl

ud
ed

M
or

en
o

20
13

N
eu

ro
bi

ol
og

y 
of

 A
gi

ng
N

o 
FT

D
 p

at
ie

nt
s 

in
cl

ud
ed

Am
an

zi
o

20
16

Ex
pe

rim
en

ta
l G

er
on

to
lo

gy
N

o 
ne

ur
op

sy
ch

ol
og

ic
al

 te
st

s 
ad

m
in

is
te

re
d 

to
 c

on
tr

ol
 g

ro
up

As
w

at
hy

20
13

N
eu

ro
bi

ol
og

y 
of

 A
gi

ng
N

o 
ne

ur
op

sy
ch

ol
og

ic
al

 te
st

s 
ad

m
in

is
te

re
d 

to
 c

on
tr

ol
 g

ro
up

Be
rt

ou
x

20
16

Jo
ur

na
l o

f N
eu

ro
lo

gy
, N

eu
ro

su
rg

er
y 

an
d 

Ps
yc

hi
at

ry
N

o 
ne

ur
op

sy
ch

ol
og

ic
al

 te
st

s 
ad

m
in

is
te

re
d 

to
 c

on
tr

ol
 g

ro
up

Bo
nv

ic
in

i
20

14
N

eu
ro

bi
ol

og
y 

of
 A

gi
ng

N
o 

ne
ur

op
sy

ch
ol

og
ic

al
 te

st
s 

ad
m

in
is

te
re

d 
to

 c
on

tr
ol

 g
ro

up

Bo
on

e
19

99
Jo

ur
na

l o
f t

he
 In

te
rn

at
io

na
l N

eu
ro

ps
yc

ho
lo

gi
ca

l S
oc

ie
ty

N
o 

ne
ur

op
sy

ch
ol

og
ic

al
 te

st
s 

ad
m

in
is

te
re

d 
to

 c
on

tr
ol

 g
ro

up

Bo
rr

on
i

20
07

Ar
ch

iv
es

 o
f N

eu
ro

lo
gy

N
o 

ne
ur

op
sy

ch
ol

og
ic

al
 te

st
s 

ad
m

in
is

te
re

d 
to

 c
on

tr
ol

 g
ro

up

Bo
rr

on
i

20
07

BM
C 

N
eu

ro
lo

gy
N

o 
ne

ur
op

sy
ch

ol
og

ic
al

 te
st

s 
ad

m
in

is
te

re
d 

to
 c

on
tr

ol
 g

ro
up

Bo
ut

ol
ea

u
20

16
N

eu
ro

ps
yc

ho
lo

gi
a

N
o 

ne
ur

op
sy

ch
ol

og
ic

al
 te

st
s 

ad
m

in
is

te
re

d 
to

 c
on

tr
ol

 g
ro

up

Ca
pp

el
le

tt
i

20
12

N
eu

ro
ps

yc
ho

lo
gy

N
o 

ne
ur

op
sy

ch
ol

og
ic

al
 te

st
s 

ad
m

in
is

te
re

d 
to

 c
on

tr
ol

 g
ro

up

Ca
rli

no
20

10
Pa

in
N

o 
ne

ur
op

sy
ch

ol
og

ic
al

 te
st

s 
ad

m
in

is
te

re
d 

to
 c

on
tr

ol
 g

ro
up

Cl
em

en
t

20
03

Ps
yc

ho
lo

gi
e 

&
 N

eu
ro

ps
yc

hi
at

rie
 d

u 
Vi

ei
lli

ss
em

en
t

N
o 

ne
ur

op
sy

ch
ol

og
ic

al
 te

st
s 

ad
m

in
is

te
re

d 
to

 c
on

tr
ol

 g
ro

up

Co
ul

th
ar

d
20

06
Jo

ur
na

l o
f N

eu
ro

lo
gy

N
o 

ne
ur

op
sy

ch
ol

og
ic

al
 te

st
s 

ad
m

in
is

te
re

d 
to

 c
on

tr
ol

 g
ro

up

Co
us

in
s

20
16

N
eu

ro
ps

yc
ho

lo
gi

a
N

o 
ne

ur
op

sy
ch

ol
og

ic
al

 te
st

s 
ad

m
in

is
te

re
d 

to
 c

on
tr

ol
 g

ro
up

D
el

la
 S

al
a

20
12

N
eu

ro
ps

yc
ho

lo
gi

a
N

o 
ne

ur
op

sy
ch

ol
og

ic
al

 te
st

s 
ad

m
in

is
te

re
d 

to
 c

on
tr

ol
 g

ro
up

D
i L

az
za

ro
20

06
N

eu
ro

lo
gy

N
o 

ne
ur

op
sy

ch
ol

og
ic

al
 te

st
s 

ad
m

in
is

te
re

d 
to

 c
on

tr
ol

 g
ro

up

D
ie

hl
20

04
N

eu
ro

bi
ol

og
y 

of
 A

gi
ng

N
o 

ne
ur

op
sy

ch
ol

og
ic

al
 te

st
s 

ad
m

in
is

te
re

d 
to

 c
on

tr
ol

 g
ro

up

D
im

itr
ov

19
96

Co
rt

ex
N

o 
ne

ur
op

sy
ch

ol
og

ic
al

 te
st

s 
ad

m
in

is
te

re
d 

to
 c

on
tr

ol
 g

ro
up

En
ge

lb
or

gh
s

20
06

N
eu

ro
ch

em
is

tr
y 

In
te

rn
at

io
na

l
N

o 
ne

ur
op

sy
ch

ol
og

ic
al

 te
st

s 
ad

m
in

is
te

re
d 

to
 c

on
tr

ol
 g

ro
up

Fr
in

gs
20

10
D

em
en

tia
 &

 G
er

ia
tr

ic
 C

og
ni

tiv
e 

D
is

or
de

rs
N

o 
ne

ur
op

sy
ch

ol
og

ic
al

 te
st

s 
ad

m
in

is
te

re
d 

to
 c

on
tr

ol
 g

ro
up

Ta
bl

e 
e-

4.
 C

on
tin

ue
d.

G
ar

ib
ot

to
20

11
N

eu
ro

bi
ol

og
y 

of
 A

gi
ng

N
o 

ne
ur

op
sy

ch
ol

og
ic

al
 te

st
s 

ad
m

in
is

te
re

d 
to

 c
on

tr
ol

 g
ro

up

G
re

en
19

99
N

eu
ro

sc
ie

nc
e 

Le
tt

er
s

N
o 

ne
ur

op
sy

ch
ol

og
ic

al
 te

st
s 

ad
m

in
is

te
re

d 
to

 c
on

tr
ol

 g
ro

up

G
rim

m
er

20
04

D
em

en
tia

 &
 G

er
ia

tr
ic

 C
og

ni
tiv

e 
D

is
or

de
rs

N
o 

ne
ur

op
sy

ch
ol

og
ic

al
 te

st
s 

ad
m

in
is

te
re

d 
to

 c
on

tr
ol

 g
ro

up

G
ue

dj
20

07
N

eu
ro

lo
gy

N
o 

ne
ur

op
sy

ch
ol

og
ic

al
 te

st
s 

ad
m

in
is

te
re

d 
to

 c
on

tr
ol

 g
ro

up

H
ea

le
y

20
15

N
eu

ro
ps

yc
ho

lo
gi

a
N

o 
ne

ur
op

sy
ch

ol
og

ic
al

 te
st

s 
ad

m
in

is
te

re
d 

to
 c

on
tr

ol
 g

ro
up

H
en

se
l

20
04

D
em

en
tia

 &
 G

er
ia

tr
ic

 C
og

ni
tiv

e 
D

is
or

de
rs

N
o 

ne
ur

op
sy

ch
ol

og
ic

al
 te

st
s 

ad
m

in
is

te
re

d 
to

 c
on

tr
ol

 g
ro

up

H
u

20
10

N
eu

ro
lo

gy
N

o 
ne

ur
op

sy
ch

ol
og

ic
al

 te
st

s 
ad

m
in

is
te

re
d 

to
 c

on
tr

ol
 g

ro
up

H
ug

he
s

20
11

Br
ai

n
N

o 
ne

ur
op

sy
ch

ol
og

ic
al

 te
st

s 
ad

m
in

is
te

re
d 

to
 c

on
tr

ol
 g

ro
up

Ka
uf

er
19

97
N

eu
ro

lo
gy

N
o 

ne
ur

op
sy

ch
ol

og
ic

al
 te

st
s 

ad
m

in
is

te
re

d 
to

 c
on

tr
ol

 g
ro

up

Ki
pp

s
20

07
D

em
en

tia
 a

nd
 G

er
ia

tr
ic

 C
og

ni
tiv

e 
D

is
or

de
rs

N
o 

ne
ur

op
sy

ch
ol

og
ic

al
 te

st
s 

ad
m

in
is

te
re

d 
to

 c
on

tr
ol

 g
ro

up

Kr
ue

ge
r

20
07

N
eu

ro
ca

se
N

o 
ne

ur
op

sy
ch

ol
og

ic
al

 te
st

s 
ad

m
in

is
te

re
d 

to
 c

on
tr

ol
 g

ro
up

Li
nd

au
20

03
D

em
en

tia
 &

 G
er

ia
tr

ic
 C

og
ni

tiv
e 

D
is

or
de

rs
N

o 
ne

ur
op

sy
ch

ol
og

ic
al

 te
st

s 
ad

m
in

is
te

re
d 

to
 c

on
tr

ol
 g

ro
up

Li
u

20
04

N
eu

ro
lo

gy
N

o 
ne

ur
op

sy
ch

ol
og

ic
al

 te
st

s 
ad

m
in

is
te

re
d 

to
 c

on
tr

ol
 g

ro
up

Lu
zz

i
20

11
Jo

ur
na

l o
f N

eu
ro

lo
gy

N
o 

ne
ur

op
sy

ch
ol

og
ic

al
 te

st
s 

ad
m

in
is

te
re

d 
to

 c
on

tr
ol

 g
ro

up

M
ah

on
ey

20
12

Al
zh

ei
m

er
’s 

Re
se

ar
ch

 &
 T

he
ra

py
N

o 
ne

ur
op

sy
ch

ol
og

ic
al

 te
st

s 
ad

m
in

is
te

re
d 

to
 c

on
tr

ol
 g

ro
up

M
cM

ill
an

20
12

N
eu

ro
lo

gy
N

o 
ne

ur
op

sy
ch

ol
og

ic
al

 te
st

s 
ad

m
in

is
te

re
d 

to
 c

on
tr

ol
 g

ro
up

M
ec

oc
ci

19
98

Al
zh

ei
m

er
 D

is
ea

se
 &

 A
ss

oc
ia

te
d 

D
is

or
de

rs
N

o 
ne

ur
op

sy
ch

ol
og

ic
al

 te
st

s 
ad

m
in

is
te

re
d 

to
 c

on
tr

ol
 g

ro
up

M
en

de
z

20
14

Am
er

ic
an

 Jo
ur

na
l o

f A
lz

he
im

er
’s 

D
is

ea
se

 &
 O

th
er

 D
em

en
tia

s
N

o 
ne

ur
op

sy
ch

ol
og

ic
al

 te
st

s 
ad

m
in

is
te

re
d 

to
 c

on
tr

ol
 g

ro
up

M
ey

ni
el

20
05

Jo
ur

na
l o

f N
eu

ro
lo

gy
N

o 
ne

ur
op

sy
ch

ol
og

ic
al

 te
st

s 
ad

m
in

is
te

re
d 

to
 c

on
tr

ol
 g

ro
up

N
ak

an
o

20
06

N
eu

ro
Im

ag
e

N
o 

ne
ur

op
sy

ch
ol

og
ic

al
 te

st
s 

ad
m

in
is

te
re

d 
to

 c
on

tr
ol

 g
ro

up

N
ev

le
r

20
17

N
eu

ro
lo

gy
N

o 
ne

ur
op

sy
ch

ol
og

ic
al

 te
st

s 
ad

m
in

is
te

re
d 

to
 c

on
tr

ol
 g

ro
up

Pa
do

va
ni

20
10

Jo
ur

na
l o

f A
lz

he
im

er
’s 

D
is

ea
se

N
o 

ne
ur

op
sy

ch
ol

og
ic

al
 te

st
s 

ad
m

in
is

te
re

d 
to

 c
on

tr
ol

 g
ro

up

Pa
ho

lp
ak

20
16

Jo
ur

na
l o

f A
lz

he
im

er
’s 

D
is

ea
se

N
o 

ne
ur

op
sy

ch
ol

og
ic

al
 te

st
s 

ad
m

in
is

te
re

d 
to

 c
on

tr
ol

 g
ro

up

3



126 127

The cognitive profile of bvFTD and its similarities with ALSChapter 3

Ta
bl

e 
e-

4.
 C

on
tin

ue
d.

Pa
kh

om
ov

20
10

Jo
ur

na
l o

f N
eu

ro
lin

gu
is

tic
s

N
o 

ne
ur

op
sy

ch
ol

og
ic

al
 te

st
s 

ad
m

in
is

te
re

d 
to

 c
on

tr
ol

 g
ro

up

Pa
rd

in
i

20
09

Ar
ch

iv
es

 o
f N

eu
ro

lo
gy

N
o 

ne
ur

op
sy

ch
ol

og
ic

al
 te

st
s 

ad
m

in
is

te
re

d 
to

 c
on

tr
ol

 g
ro

up

Pa
sq

ui
er

19
95

Jo
ur

na
l o

f N
eu

ro
lo

gy
N

o 
ne

ur
op

sy
ch

ol
og

ic
al

 te
st

s 
ad

m
in

is
te

re
d 

to
 c

on
tr

ol
 g

ro
up

Pa
w

lo
w

sk
i

20
17

N
eu

ro
bi

ol
og

y 
of

 A
gi

ng
N

o 
ne

ur
op

sy
ch

ol
og

ic
al

 te
st

s 
ad

m
in

is
te

re
d 

to
 c

on
tr

ol
 g

ro
up

Pe
rr

y
20

06
D

em
en

tia
 a

nd
 G

er
ia

tr
ic

 C
og

ni
tiv

e 
D

is
or

de
rs

N
o 

ne
ur

op
sy

ch
ol

og
ic

al
 te

st
s 

ad
m

in
is

te
re

d 
to

 c
on

tr
ol

 g
ro

up

Pe
te

rs
20

06
D

em
en

tia
 &

 G
er

ia
tr

ic
 C

og
ni

tiv
e 

D
is

or
de

rs
N

o 
ne

ur
op

sy
ch

ol
og

ic
al

 te
st

s 
ad

m
in

is
te

re
d 

to
 c

on
tr

ol
 g

ro
up

Pi
er

an
to

zz
i

20
04

Cl
in

ic
al

 N
eu

ro
ph

ys
io

lo
gy

N
o 

ne
ur

op
sy

ch
ol

og
ic

al
 te

st
s 

ad
m

in
is

te
re

d 
to

 c
on

tr
ol

 g
ro

up

Pl
ac

ek
20

16
N

eu
ro

lo
gy

N
o 

ne
ur

op
sy

ch
ol

og
ic

al
 te

st
s 

ad
m

in
is

te
re

d 
to

 c
on

tr
ol

 g
ro

up

Ra
cz

ka
20

10
Ps

yc
hi

at
ry

 R
es

ea
rc

h
N

o 
ne

ur
op

sy
ch

ol
og

ic
al

 te
st

s 
ad

m
in

is
te

re
d 

to
 c

on
tr

ol
 g

ro
up

Ru
cc

o
20

17
G

ai
t &

 P
os

tu
re

N
o 

ne
ur

op
sy

ch
ol

og
ic

al
 te

st
s 

ad
m

in
is

te
re

d 
to

 c
on

tr
ol

 g
ro

up

Sa
nt

am
ar

ia
-G

ar
ci

a
20

16
Jo

ur
na

l o
f A

lz
he

im
er

’s 
D

is
ea

se
N

o 
ne

ur
op

sy
ch

ol
og

ic
al

 te
st

s 
ad

m
in

is
te

re
d 

to
 c

on
tr

ol
 g

ro
up

Sp
ot

or
no

20
15

Fr
on

tie
rs

 in
 H

um
an

 N
eu

ro
sc

ie
nc

e
N

o 
ne

ur
op

sy
ch

ol
og

ic
al

 te
st

s 
ad

m
in

is
te

re
d 

to
 c

on
tr

ol
 g

ro
up

To
va

r-
M

ol
l

20
14

PL
oS

 O
N

E
N

o 
ne

ur
op

sy
ch

ol
og

ic
al

 te
st

s 
ad

m
in

is
te

re
d 

to
 c

on
tr

ol
 g

ro
up

Tr
oj

si
20

15
N

eu
ro

bi
ol

og
y 

of
 A

gi
ng

N
o 

ne
ur

op
sy

ch
ol

og
ic

al
 te

st
s 

ad
m

in
is

te
re

d 
to

 c
on

tr
ol

 g
ro

up

Va
rt

an
ia

n
20

09
N

eu
ro

ps
yc

ho
lo

gy
N

o 
ne

ur
op

sy
ch

ol
og

ic
al

 te
st

s 
ad

m
in

is
te

re
d 

to
 c

on
tr

ol
 g

ro
up

Za
m

bo
ni

20
08

N
eu

ro
lo

gy
N

o 
ne

ur
op

sy
ch

ol
og

ic
al

 te
st

s 
ad

m
in

is
te

re
d 

to
 c

on
tr

ol
 g

ro
up

Ba
re

ka
ta

in
20

10
D

em
en

tia
 &

 G
er

ia
tr

ic
 C

og
ni

tiv
e 

D
is

or
de

rs
O

th
er

 ty
pe

s 
of

 d
em

en
tia

 in
cl

ud
ed

 in
 p

at
ie

nt
 g

ro
up

Be
ve

rs
do

rf
19

98
N

eu
ro

lo
gy

O
th

er
 ty

pe
s 

of
 d

em
en

tia
 in

cl
ud

ed
 in

 p
at

ie
nt

 g
ro

up

Ca
va

llo
20

11
Ac

ta
 N

eu
ro

ps
yc

ho
lo

gi
ca

O
th

er
 ty

pe
s 

of
 d

em
en

tia
 in

cl
ud

ed
 in

 p
at

ie
nt

 g
ro

up

Ch
as

e
19

87
Ar

ch
iv

es
 o

f G
er

on
to

lo
gy

 &
 G

er
ia

tr
ic

s
O

th
er

 ty
pe

s 
of

 d
em

en
tia

 in
cl

ud
ed

 in
 p

at
ie

nt
 g

ro
up

Ch
oi

20
00

Jo
ur

na
l o

f K
or

ea
n 

M
ed

ic
al

 S
ci

en
ce

O
th

er
 ty

pe
s 

of
 d

em
en

tia
 in

cl
ud

ed
 in

 p
at

ie
nt

 g
ro

up

Cr
oo

ke
s

19
72

Br
iti

sh
 Jo

ur
na

l o
f S

oc
ia

l &
 C

lin
ic

al
 P

sy
ch

ol
og

y
O

th
er

 ty
pe

s 
of

 d
em

en
tia

 in
cl

ud
ed

 in
 p

at
ie

nt
 g

ro
up

D
ie

sf
el

dt
20

09
Ti

jd
sc

hr
ift

 v
oo

r G
er

on
to

lo
gi

e 
en

 G
er

ia
tr

ie
O

th
er

 ty
pe

s 
of

 d
em

en
tia

 in
cl

ud
ed

 in
 p

at
ie

nt
 g

ro
up

Ta
bl

e 
e-

4.
 C

on
tin

ue
d.

Es
lin

ge
r

19
83

Jo
ur

na
l o

f C
lin

ic
al

 N
eu

ro
ps

yc
ho

lo
gy

O
th

er
 ty

pe
s 

of
 d

em
en

tia
 in

cl
ud

ed
 in

 p
at

ie
nt

 g
ro

up

Fo
st

er
19

89
Pr

og
re

ss
 in

 N
eu

ro
-P

sy
ch

op
ha

rm
ac

ol
og

y 
&

 B
io

lo
gi

ca
l P

sy
ch

ia
tr

y
O

th
er

 ty
pe

s 
of

 d
em

en
tia

 in
cl

ud
ed

 in
 p

at
ie

nt
 g

ro
up

G
ar

ci
a-

Ca
ba

lle
ro

20
06

In
te

rn
at

io
na

l J
ou

rn
al

 o
f G

er
ia

tr
ic

 P
sy

ch
ia

tr
y

O
th

er
 ty

pe
s 

of
 d

em
en

tia
 in

cl
ud

ed
 in

 p
at

ie
nt

 g
ro

up

G
ee

20
03

Ac
ad

em
ic

 R
ad

io
lo

gy
O

th
er

 ty
pe

s 
of

 d
em

en
tia

 in
cl

ud
ed

 in
 p

at
ie

nt
 g

ro
up

G
ua

ita
20

09
Ar

ch
iv

es
 o

f G
er

on
to

lo
gy

 &
 G

er
ia

tr
ic

s
O

th
er

 ty
pe

s 
of

 d
em

en
tia

 in
cl

ud
ed

 in
 p

at
ie

nt
 g

ro
up

H
ag

be
rg

19
76

Br
iti

sh
 Jo

ur
na

l o
f P

sy
ch

ia
tr

y
O

th
er

 ty
pe

s 
of

 d
em

en
tia

 in
cl

ud
ed

 in
 p

at
ie

nt
 g

ro
up

H
an

yu
20

02
Am

er
ic

an
 Jo

ur
na

l o
f N

eu
ro

ra
di

ol
og

y
O

th
er

 ty
pe

s 
of

 d
em

en
tia

 in
cl

ud
ed

 in
 p

at
ie

nt
 g

ro
up

H
ar

t
20

06
Ag

in
g,

 N
eu

ro
ps

yc
ho

lo
gy

, a
nd

 C
og

ni
tio

n
O

th
er

 ty
pe

s 
of

 d
em

en
tia

 in
cl

ud
ed

 in
 p

at
ie

nt
 g

ro
up

Id
en

o
20

12
G

er
ia

tr
ic

s 
&

 G
er

on
to

lo
gy

 In
te

rn
at

io
na

l
O

th
er

 ty
pe

s 
of

 d
em

en
tia

 in
cl

ud
ed

 in
 p

at
ie

nt
 g

ro
up

Iy
pe

20
06

Jo
ur

na
l o

f N
eu

ro
lo

gy
, N

eu
ro

su
rg

er
y 

an
d 

Ps
yc

hi
at

ry
O

th
er

 ty
pe

s 
of

 d
em

en
tia

 in
cl

ud
ed

 in
 p

at
ie

nt
 g

ro
up

M
ill

er
19

71
N

eu
ro

ps
yc

ho
lo

gi
a

O
th

er
 ty

pe
s 

of
 d

em
en

tia
 in

cl
ud

ed
 in

 p
at

ie
nt

 g
ro

up

M
io

sh
i

20
06

In
te

rn
at

io
na

l J
ou

rn
al

 o
f G

er
ia

tr
ic

 P
sy

ch
ia

tr
y

O
th

er
 ty

pe
s 

of
 d

em
en

tia
 in

cl
ud

ed
 in

 p
at

ie
nt

 g
ro

up

Pa
sq

ui
er

19
97

Jo
ur

na
l o

f N
eu

ro
lo

gy
O

th
er

 ty
pe

s 
of

 d
em

en
tia

 in
cl

ud
ed

 in
 p

at
ie

nt
 g

ro
up

Pe
rs

so
n

20
17

Ac
ta

 R
ad

io
lo

gi
ca

O
th

er
 ty

pe
s 

of
 d

em
en

tia
 in

cl
ud

ed
 in

 p
at

ie
nt

 g
ro

up

Se
lls

20
11

Pr
og

re
ss

 in
 N

eu
ro

lo
gy

 a
nd

 P
sy

ch
ia

tr
y

O
th

er
 ty

pe
s 

of
 d

em
en

tia
 in

cl
ud

ed
 in

 p
at

ie
nt

 g
ro

up

To
rr

is
i

20
17

Ps
yc

ho
ge

ria
tr

ic
s

O
th

er
 ty

pe
s 

of
 d

em
en

tia
 in

cl
ud

ed
 in

 p
at

ie
nt

 g
ro

up

U
hl

ha
as

20
08

D
em

en
tia

 &
 G

er
ia

tr
ic

 C
og

ni
tiv

e 
D

is
or

de
rs

O
th

er
 ty

pe
s 

of
 d

em
en

tia
 in

cl
ud

ed
 in

 p
at

ie
nt

 g
ro

up

Vo
ge

l
20

14
D

em
en

tia
 &

 G
er

ia
tr

ic
 C

og
ni

tiv
e 

D
is

or
de

rs
O

th
er

 ty
pe

s 
of

 d
em

en
tia

 in
cl

ud
ed

 in
 p

at
ie

nt
 g

ro
up

W
ah

lu
nd

20
00

Jo
ur

na
l o

f N
eu

ro
lo

gy
O

th
er

 ty
pe

s 
of

 d
em

en
tia

 in
cl

ud
ed

 in
 p

at
ie

nt
 g

ro
up

W
hi

tw
el

l
20

09
N

eu
ro

lo
gy

O
th

er
 ty

pe
s 

of
 d

em
en

tia
 in

cl
ud

ed
 in

 p
at

ie
nt

 g
ro

up

W
oo

lle
y

20
07

N
eu

ro
lo

gy
O

th
er

 ty
pe

s 
of

 d
em

en
tia

 in
cl

ud
ed

 in
 p

at
ie

nt
 g

ro
up

Xu
20

17
In

te
rn

at
io

na
l J

ou
rn

al
 o

f N
eu

ro
sc

ie
nc

e
O

th
er

 ty
pe

s 
of

 d
em

en
tia

 in
cl

ud
ed

 in
 p

at
ie

nt
 g

ro
up

Kr
ue

ge
r

20
09

N
eu

ro
lo

gy
Pa

tie
nt

 s
el

ec
tio

n 
ba

se
d 

on
 p

er
fo

rm
an

ce

3



128 129

The cognitive profile of bvFTD and its similarities with ALSChapter 3

Ta
bl

e 
e-

4.
 C

on
tin

ue
d.

Ar
ev

al
or

od
rig

ue
z

20
15

Ad
va

nc
es

 in
 P

sy
ch

ia
tr

ic
 T

re
at

m
en

t
Re

vi
ew

Ar
ev

al
or

od
rig

ue
z

20
15

Th
e 

Br
iti

sh
 Jo

ur
na

l o
f P

sy
ch

ia
tr

y 
Ad

va
nc

es
Re

vi
ew

H
af

ke
m

ei
je

r
20

16
H

um
an

 B
ra

in
 M

ap
pi

ng
Sa

m
e 

pa
tie

nt
 g

ro
up

 a
s 

H
af

ke
m

ei
je

r 2
01

5

N
is

hi
da

20
13

Cl
in

ic
al

 N
eu

ro
ph

ys
io

lo
gy

Sa
m

e 
pa

tie
nt

 g
ro

up
 a

s 
N

is
hi

di
 2

01
1

G
le

ic
hg

er
rc

ht
20

10
Jo

ur
na

l o
f t

he
 In

te
rn

at
io

na
l N

eu
ro

ps
yc

ho
lo

gi
ca

l S
oc

ie
ty

Sa
m

e 
pa

tie
nt

 g
ro

up
 a

s 
To

rr
al

va
 2

00
9

Ad
le

r
20

03
In

te
rn

at
io

na
l J

ou
rn

al
 o

f G
er

ia
tr

ic
 P

sy
ch

ia
tr

y
U

nc
on

tr
ol

le
d 

st
ud

y

An
te

rio
n

20
02

N
eu

ro
lo

gy
U

nc
on

tr
ol

le
d 

st
ud

y

Ar
zy

20
08

N
eu

ro
lo

gy
U

nc
on

tr
ol

le
d 

st
ud

y

Av
an

ts
20

05
Al

zh
ei

m
er

 D
is

ea
se

 &
 A

ss
oc

ia
te

d 
D

is
or

de
rs

U
nc

on
tr

ol
le

d 
st

ud
y

Ba
nk

s
20

09
Jo

ur
na

l o
f N

eu
ro

ps
yc

hi
at

ry
 &

 C
lin

ic
al

 N
eu

ro
sc

ie
nc

es
U

nc
on

tr
ol

le
d 

st
ud

y

Be
ck

20
14

In
te

rn
at

io
na

l J
ou

rn
al

 o
f G

er
ia

tr
ic

 P
sy

ch
ia

tr
y

U
nc

on
tr

ol
le

d 
st

ud
y

Bi
bl

20
11

D
em

en
tia

 &
 G

er
ia

tr
ic

 C
og

ni
tiv

e 
D

is
or

de
rs

U
nc

on
tr

ol
le

d 
st

ud
y

Bl
ai

r
20

07
Jo

ur
na

l o
f t

he
 In

te
rn

at
io

na
l N

eu
ro

ps
yc

ho
lo

gi
ca

l S
oc

ie
ty

U
nc

on
tr

ol
le

d 
st

ud
y

Bo
rr

on
i

20
10

Am
er

ic
an

 Jo
ur

na
l o

f G
er

ia
tr

ic
 P

sy
ch

ia
tr

y
U

nc
on

tr
ol

le
d 

st
ud

y

Bo
rr

on
i

20
10

Eu
ro

pe
an

 Jo
ur

na
l o

f N
eu

ro
lo

gy
U

nc
on

tr
ol

le
d 

st
ud

y

Bo
ut

ol
ea

u-
Br

et
on

ni
er

e
20

12
D

em
en

tia
 &

 G
er

ia
tr

ic
 C

og
ni

tiv
e 

D
is

or
de

rs
U

nc
on

tr
ol

le
d 

st
ud

y

Br
aa

te
n

20
06

In
te

rn
at

io
na

l J
ou

rn
al

 o
f N

eu
ro

sc
ie

nc
e

U
nc

on
tr

ol
le

d 
st

ud
y

Bu
hl

20
13

D
em

en
tia

 a
nd

 G
er

ia
tr

ic
 C

og
ni

tiv
e 

D
is

or
de

rs
U

nc
on

tr
ol

le
d 

st
ud

y

Ca
so

20
12

N
eu

ro
bi

ol
og

y 
of

 A
gi

ng
U

nc
on

tr
ol

le
d 

st
ud

y

Ch
an

20
14

Au
st

ra
lia

n 
&

 N
ew

 Z
ea

la
nd

 Jo
ur

na
l o

f P
sy

ch
ia

tr
y

U
nc

on
tr

ol
le

d 
st

ud
y

Ch
ar

pe
nt

ie
r

20
00

Jo
ur

na
l o

f N
eu

ro
lo

gy
U

nc
on

tr
ol

le
d 

st
ud

y

Ch
iu

20
06

Jo
ur

na
l o

f t
he

 F
or

m
os

an
 M

ed
ic

al
 A

ss
oc

ia
tio

n
U

nc
on

tr
ol

le
d 

st
ud

y

Ch
ow

20
06

D
em

en
tia

 &
 G

er
ia

tr
ic

 C
og

ni
tiv

e 
D

is
or

de
rs

U
nc

on
tr

ol
le

d 
st

ud
y

Ta
bl

e 
e-

4.
 C

on
tin

ue
d.

D
as

20
09

N
eu

ro
Im

ag
e

U
nc

on
tr

ol
le

d 
st

ud
y

D
eg

er
m

an
 

G
un

na
rs

so
n

20
13

D
em

en
tia

 a
nd

 G
er

ia
tr

ic
 C

og
ni

tiv
e 

D
is

or
de

rs
U

nc
on

tr
ol

le
d 

st
ud

y

D
ie

hl
20

11
In

te
rn

at
io

na
l P

sy
ch

og
er

ia
tr

ic
s

U
nc

on
tr

ol
le

d 
st

ud
y

D
ie

hl
20

05
Jo

ur
na

l o
f G

er
ia

tr
ic

 P
sy

ch
ia

tr
y 

&
 N

eu
ro

lo
gy

U
nc

on
tr

ol
le

d 
st

ud
y

D
ow

ne
y

20
12

Al
zh

ei
m

er
’s 

Re
se

ar
ch

 &
 T

he
ra

py
U

nc
on

tr
ol

le
d 

st
ud

y

El
fg

re
n

19
93

D
em

en
tia

U
nc

on
tr

ol
le

d 
st

ud
y

En
ge

lb
or

gh
s

20
05

In
te

rn
at

io
na

l J
ou

rn
al

 o
f G

er
ia

tr
ic

 P
sy

ch
ia

tr
y

U
nc

on
tr

ol
le

d 
st

ud
y

En
ge

lb
or

gh
s

20
08

N
eu

ro
ch

em
is

tr
y 

In
te

rn
at

io
na

l
U

nc
on

tr
ol

le
d 

st
ud

y

En
ge

lb
or

gh
s

20
04

In
te

rn
at

io
na

l J
ou

rn
al

 o
f G

er
ia

tr
ic

 P
sy

ch
ia

tr
y

U
nc

on
tr

ol
le

d 
st

ud
y

Fr
an

ce
sc

hi
20

11
Be

ha
vi

ou
ra

l N
eu

ro
lo

gy
U

nc
on

tr
ol

le
d 

st
ud

y

Fu
ku

i
20

00
Jo

ur
na

l o
f t

he
 N

eu
ro

lo
gi

ca
l S

ci
en

ce
s

U
nc

on
tr

ol
le

d 
st

ud
y

G
ab

el
le

20
11

Jo
ur

na
l o

f A
lz

he
im

er
’s 

D
is

ea
se

U
nc

on
tr

ol
le

d 
st

ud
y

G
an

sl
er

20
17

Jo
ur

na
l o

f N
eu

ro
lo

gy
, N

eu
ro

su
rg

er
y 

an
d 

Ps
yc

hi
at

ry
U

nc
on

tr
ol

le
d 

st
ud

y

G
ar

n
20

17
Jo

ur
na

l o
f N

eu
ra

l T
ra

ns
m

is
si

on
U

nc
on

tr
ol

le
d 

st
ud

y

G
ar

ra
ux

19
99

Jo
ur

na
l o

f t
he

 N
eu

ro
lo

gi
ca

l S
ci

en
ce

s
U

nc
on

tr
ol

le
d 

st
ud

y

G
as

pa
rin

i
20

08
Eu

ro
pe

an
 Jo

ur
na

l o
f N

eu
ro

lo
gy

U
nc

on
tr

ol
le

d 
st

ud
y

G
le

ic
hg

er
rc

ht
20

11
So

ci
al

 N
eu

ro
sc

ie
nc

e
U

nc
on

tr
ol

le
d 

st
ud

y

G
lo

ss
er

20
02

N
eu

ro
ps

yc
ho

lo
gy

U
nc

on
tr

ol
le

d 
st

ud
y

G
ro

ss
m

an
20

04
Br

ai
n 

an
d 

La
ng

ua
ge

U
nc

on
tr

ol
le

d 
st

ud
y

G
ro

ss
m

an
19

98
N

eu
ro

lo
gy

U
nc

on
tr

ol
le

d 
st

ud
y

G
us

ta
fs

on
19

78
Br

ai
n 

an
d 

La
ng

ua
ge

U
nc

on
tr

ol
le

d 
st

ud
y

H
aa

np
aa

20
15

D
em

en
tia

 &
 G

er
ia

tr
ic

 C
og

ni
tiv

e 
D

is
or

de
rs

U
nc

on
tr

ol
le

d 
st

ud
y

3



130 131

The cognitive profile of bvFTD and its similarities with ALSChapter 3

Ta
bl

e 
e-

4.
 C

on
tin

ue
d.

H
or

nb
er

ge
r

20
14

H
um

an
 B

ra
in

 M
ap

pi
ng

U
nc

on
tr

ol
le

d 
st

ud
y

H
or

nb
er

ge
r

20
14

H
um

an
 B

ra
in

 M
ap

pi
ng

U
nc

on
tr

ol
le

d 
st

ud
y

H
si

eh
20

16
Jo

ur
na

l o
f A

lz
he

im
er

’s 
D

is
ea

se
U

nc
on

tr
ol

le
d 

st
ud

y

Ir
w

in
20

13
Jo

ur
na

l o
f N

eu
ro

lo
gy

, N
eu

ro
su

rg
er

y 
an

d 
Ps

yc
hi

at
ry

U
nc

on
tr

ol
le

d 
st

ud
y

Ka
is

er
20

13
N

eu
ro

ps
yc

ho
lo

gi
a

U
nc

on
tr

ol
le

d 
st

ud
y

Ki
m

20
14

D
em

en
tia

 a
nd

 G
er

ia
tr

ic
 C

og
ni

tiv
e 

D
is

or
de

rs
U

nc
on

tr
ol

le
d 

st
ud

y

Ku
ris

u
20

16
In

te
rn

at
io

na
l P

sy
ch

og
er

ia
tr

ic
s

U
nc

on
tr

ol
le

d 
st

ud
y

La
rn

er
20

10
Ag

e 
&

 A
ge

in
g

U
nc

on
tr

ol
le

d 
st

ud
y

La
ve

nu
20

05
D

em
en

tia
 &

 G
er

ia
tr

ic
 C

og
ni

tiv
e 

D
is

or
de

rs
U

nc
on

tr
ol

le
d 

st
ud

y

Le
 B

er
20

06
Br

ai
n

U
nc

on
tr

ol
le

d 
st

ud
y

Le
 B

er
20

13
JA

M
A 

N
eu

ro
lo

gy
U

nc
on

tr
ol

le
d 

st
ud

y

Li
m

a-
Si

lv
a

20
13

D
em

en
tia

 &
 N

eu
ro

ps
yc

ho
lo

gi
a

U
nc

on
tr

ol
le

d 
st

ud
y

Li
nd

be
rg

20
12

Fr
on

tie
rs

 in
 A

gi
ng

 N
eu

ro
sc

ie
nc

e
U

nc
on

tr
ol

le
d 

st
ud

y

Li
u

20
17

Ag
in

g 
&

 M
en

ta
l H

ea
lth

U
nc

on
tr

ol
le

d 
st

ud
y

Lu
20

14
Jo

ur
na

l o
f A

lz
he

im
er

’s 
D

is
ea

se
U

nc
on

tr
ol

le
d 

st
ud

y

M
ae

sh
im

a
20

04
Br

ai
n 

In
ju

ry
U

nc
on

tr
ol

le
d 

st
ud

y

M
ai

ov
is

20
17

Th
e 

Jo
ur

na
l o

f N
eu

ro
ps

yc
hi

at
ry

 a
nd

 C
lin

ic
al

 N
eu

ro
sc

ie
nc

es
U

nc
on

tr
ol

le
d 

st
ud

y

M
at

su
zo

no
20

15
Jo

ur
na

l o
f A

lz
he

im
er

’s 
D

is
ea

se
U

nc
on

tr
ol

le
d 

st
ud

y

M
en

de
z

20
08

In
te

rn
at

io
na

l J
ou

rn
al

 o
f G

er
ia

tr
ic

 P
sy

ch
ia

tr
y

U
nc

on
tr

ol
le

d 
st

ud
y

M
en

de
z

19
96

N
eu

ro
lo

gy
U

nc
on

tr
ol

le
d 

st
ud

y

M
en

de
z

20
15

PL
oS

 O
N

E
U

nc
on

tr
ol

le
d 

st
ud

y

M
ill

er
20

13
D

em
en

tia
 &

 G
er

ia
tr

ic
 C

og
ni

tiv
e 

D
is

or
de

rs
U

nc
on

tr
ol

le
d 

st
ud

y

M
oh

eb
20

17
D

em
en

tia
 &

 G
er

ia
tr

ic
 C

og
ni

tiv
e 

D
is

or
de

rs
U

nc
on

tr
ol

le
d 

st
ud

y

Ta
bl

e 
e-

4.
 C

on
tin

ue
d.

N
ar

m
e

20
17

Ag
in

g,
 N

eu
ro

ps
yc

ho
lo

gy
, a

nd
 C

og
ni

tio
n

U
nc

on
tr

ol
le

d 
st

ud
y

Pa
do

va
ni

20
13

Jo
ur

na
l o

f A
lz

he
im

er
’s 

D
is

ea
se

U
nc

on
tr

ol
le

d 
st

ud
y

Pa
lu

m
bo

20
14

Th
e 

O
pe

n 
N

uc
le

ar
 M

ed
ic

in
e 

Jo
ur

na
l

U
nc

on
tr

ol
le

d 
st

ud
y

Pa
rk

20
17

Au
st

ra
la

si
an

 Jo
ur

na
l o

f A
ge

in
g

U
nc

on
tr

ol
le

d 
st

ud
y

Pa
te

rn
ic

o
20

16
N

at
ur

e 
Sc

ie
nt

ifi
c 

Re
po

rt
s

U
nc

on
tr

ol
le

d 
st

ud
y

Pa
te

rn
ic

o
20

15
N

eu
ro

lo
gy

U
nc

on
tr

ol
le

d 
st

ud
y

Pe
rin

i
20

16
Al

zh
ei

m
er

 D
is

ea
se

 &
 A

ss
oc

ia
te

d 
D

is
or

de
rs

U
nc

on
tr

ol
le

d 
st

ud
y

Pe
rr

i
20

14
Jo

ur
na

l o
f A

lz
he

im
er

’s 
D

is
ea

se
U

nc
on

tr
ol

le
d 

st
ud

y

Pe
rr

i
20

14
Jo

ur
na

l o
f A

lz
he

im
er

’s 
D

is
ea

se
U

nc
on

tr
ol

le
d 

st
ud

y

Pi
ck

ut
19

97
Jo

ur
na

l o
f N

uc
le

ar
 M

ed
ic

in
e

U
nc

on
tr

ol
le

d 
st

ud
y

Po
le

tt
i

20
13

N
eu

ro
lo

gi
ca

l S
ci

en
ce

s
U

nc
on

tr
ol

le
d 

st
ud

y

Po
w

er
s

20
14

Co
gn

iti
ve

 &
 B

eh
av

io
ra

l N
eu

ro
lo

gy
U

nc
on

tr
ol

le
d 

st
ud

y

Pr
em

i
20

16
Jo

ur
na

l o
f A

lz
he

im
er

’s 
D

is
ea

se
U

nc
on

tr
ol

le
d 

st
ud

y

Pr
em

i
20

15
N

eu
ro

bi
ol

og
y 

of
 A

gi
ng

U
nc

on
tr

ol
le

d 
st

ud
y

Ra
m

an
an

20
17

Co
rt

ex
U

nc
on

tr
ol

le
d 

st
ud

y

Re
nt

zo
s

20
06

Jo
ur

na
l o

f t
he

 N
eu

ro
lo

gi
ca

l S
ci

en
ce

s
U

nc
on

tr
ol

le
d 

st
ud

y

Ri
tt

er
20

17
Al

zh
ei

m
er

 D
is

ea
se

 &
 A

ss
oc

ia
te

d 
D

is
or

de
rs

U
nc

on
tr

ol
le

d 
st

ud
y

Ro
nc

er
o

20
17

Al
zh

ei
m

er
’s 

&
 D

em
en

tia
: t

ra
ns

la
tio

na
l r

es
ea

rc
h 

&
 c

lin
ic

al
 in

te
rv

en
tio

ns
U

nc
on

tr
ol

le
d 

st
ud

y

Sa
xo

n
20

17
Jo

ur
na

l o
f N

eu
ro

lo
gy

, N
eu

ro
su

rg
er

y 
an

d 
Ps

yc
hi

at
ry

U
nc

on
tr

ol
le

d 
st

ud
y

Sh
ea

20
15

Ps
yc

ho
ge

ria
tr

ic
s

U
nc

on
tr

ol
le

d 
st

ud
y

Sh
im

om
ur

a
19

98
La

nc
et

U
nc

on
tr

ol
le

d 
st

ud
y

Si
m

on
se

n
20

14
D

em
en

tia
 a

nd
 G

er
ia

tr
ic

 C
og

ni
tiv

e 
D

is
or

de
rs

U
nc

on
tr

ol
le

d 
st

ud
y

Su
ho

ne
n

20
17

Jo
ur

na
l o

f A
lz

he
im

er
’s 

D
is

ea
se

U
nc

on
tr

ol
le

d 
st

ud
y

3



132 133

The cognitive profile of bvFTD and its similarities with ALSChapter 3

Ta
bl

e 
e-

4.
 C

on
tin

ue
d.

Su
ho

ne
n

20
17

Jo
ur

na
l o

f A
lz

he
im

er
’s 

D
is

ea
se

U
nc

on
tr

ol
le

d 
st

ud
y

Ta
n

20
13

Al
zh

ei
m

er
 D

is
ea

se
 &

 A
ss

oc
ia

te
d 

D
is

or
de

rs
U

nc
on

tr
ol

le
d 

st
ud

y

To
rr

al
va

20
15

N
eu

ro
bi

ol
og

y 
of

 A
gi

ng
U

nc
on

tr
ol

le
d 

st
ud

y

U
fla

ck
er

20
16

In
te

rn
at

io
na

l P
sy

ch
og

er
ia

tr
ic

s
U

nc
on

tr
ol

le
d 

st
ud

y

Va
lo

ta
ss

io
u

20
14

Cu
rr

en
t A

lz
he

im
er

 R
es

ea
rc

h
U

nc
on

tr
ol

le
d 

st
ud

y

va
n 

de
n 

Be
rg

20
17

D
em

en
tia

 &
 G

er
ia

tr
ic

 C
og

ni
tiv

e 
D

is
or

de
rs

U
nc

on
tr

ol
le

d 
st

ud
y

Va
n 

La
ng

en
ho

ve
20

16
Jo

ur
na

l o
f A

lz
he

im
er

’s 
D

is
ea

se
U

nc
on

tr
ol

le
d 

st
ud

y

Ve
rg

al
lo

20
17

N
eu

ro
lo

gi
ca

l S
ci

en
ce

s
U

nc
on

tr
ol

le
d 

st
ud

y

Vi
ei

ra
20

08
D

em
en

tia
 &

 N
eu

ro
ps

yc
ho

lo
gi

a
U

nc
on

tr
ol

le
d 

st
ud

y

W
an

g
20

16
Tr

an
sl

at
io

na
l N

eu
ro

sc
ie

nc
e

U
nc

on
tr

ol
le

d 
st

ud
y

W
et

he
re

ll
19

97
In

te
rn

at
io

na
l J

ou
rn

al
 o

f R
eh

ab
ili

ta
tio

n 
an

d 
H

ea
lth

U
nc

on
tr

ol
le

d 
st

ud
y

W
hi

tw
el

l
20

15
Eu

ro
pe

an
 Jo

ur
na

l o
f N

eu
ro

lo
gy

U
nc

on
tr

ol
le

d 
st

ud
y

Ye
20

15
Jo

ur
na

l o
f A

lz
he

im
er

’s 
D

is
ea

se
U

nc
on

tr
ol

le
d 

st
ud

y

Yo
sh

iz
aw

a
20

13
D

em
en

tia
 &

 G
er

ia
tr

ic
 C

og
ni

tiv
e 

D
is

or
de

rs
U

nc
on

tr
ol

le
d 

st
ud

y

Yu
20

16
N

eu
ro

bi
ol

og
y 

of
 A

gi
ng

U
nc

on
tr

ol
le

d 
st

ud
y

La
rn

er
20

05
In

te
rn

at
io

na
l J

ou
rn

al
 o

f G
er

ia
tr

ic
 P

sy
ch

ia
tr

y
U

nc
on

tr
ol

le
d 

st
ud

y

Table e-5. Subgroup analysis for age

Cognitive domain Age 
(years)

Hedges’ g 95% CI K N Q p (Q) I2 (%)

Social cognition ≤ 64.0
> 64.0

1.87
1.66

1.49-2.24
1.41-1.92

24
16

941
695

0.76 0.38 0

Fluency ≤ 64.0
> 64.0

1.65
1.44

1.52-1.78
1.26-1.63

34
34

1279
1464

3.14 0.08 68.1

Executive 
functions

≤ 64.0
> 64.0

1.45
1.39

1.30-1.60
1.20-1.57

40
41

1502
1736

0.26 0.61 0

Verbal memory ≤ 64.0
> 64.0

1.67
1.68

1.42-1.93
1.46-1.90

30
26

1038
984

0.00 0.97 0

Visual memory ≤ 64.0
> 64.0

1.35
1.31

1.15-1.55
1.04-1.57

30
21

1052
771

0.07 0.80 0

Visuoconstruction ≤ 64.0
> 64.0

0.90
1.16

0.65-1.15
0.83-1.50

16
8

633
371

1.52 0.22 34.1

Language ≤ 64.0
> 64.0

1.22
0.99

1.08-1.36
0.83-1.15

35
22

1202
826

4.48 0.03 77.7

Psychomotor 
speed

≤ 64.0
> 64.0

0.95
1.12

0.72-1.18
0.88-1.36

18
21

557
865

1.05 0.30 5.2

Attention ≤ 64.0
> 64.0

1.06
0.85

0.91-1.22
0.64-1.07

32
29

1161
1293

2.50 0.11 60.0

Visuoperception ≤ 64.0
> 64.0

0.68
0.78

0.47-0.89
0.53-1.04

11
8

348
315

0.39 0.53 0

Legend. Subgroups are based on a median split of age across the included studies. Hedges’ g: 
effect size, calculated with a random effects model; 95% CI: 95% confidence interval of effect 
size; K: number of studies; N: number of participants; Q: heterogeneity between studies within 
cognitive domain; p (Q): p value for heterogeneity; I2: percentage of heterogeneity caused by study 
differences (Q—degrees of freedom/Q×100%).

Table e-6. Subgroup analysis for disease duration

Cognitive 
domain

Disease 
duration 
(years)

Hedges’ g 95% CI K N Q p (Q) I2 (%)

Social cognition ≤ 4.2
> 4.2

2.04
1.66

1.33-2.75
1.05-2.27

9
9

430
282

0.63 0.43 0

Fluency ≤ 4.2
> 4.2

1.63
1.64

1.42-1.87
1.45-1.80

17
18

781
666

0.02 0.90 0

Executive 
functions

≤ 4.2
> 4.2

1.49
1.39

1.19-1.79
1.14-1.63

20
23

843
775

0.28 0.60 0

Verbal memory ≤ 4.2
> 4.2

1.70
2.08

1.39-2.01
1.77-2.38

15
17

771
554

2.82 0.09 64.5

Visual memory ≤ 4.2
> 4.2

1.36
1.48

0.90-1.83
1.30-1.65

12
22

476
746

0.20 0.66 0

Visuoconstruction ≤ 4.2
> 4.2

1.48
0.75

1.06-1.90
0.45-1.05

5
8

192
257

7.76 0.005 87.1

3
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Table e-6. Continued.
Cognitive 
domain

Disease 
duration 
(years)

Hedges’ g 95% CI K N Q p (Q) I2 (%)

Language ≤ 4.2
> 4.2

1.25
1.20

0.97-1.53
1.02-1.38

13
24

521
802

0.08 0.77 0

Psychomotor 
speed

≤ 4.2
> 4.2

0.86
1.17

0.64-1.09
0.77-1.56

9
12

330
396

1.74 0.19 42.5

Attention ≤ 4.2
> 4.2

1.11
0.89

0.82-1.40
0.67-1.11

16
21

687
784

1.47 0.23 31.8

Visuoperception ≤ 4.2
> 4.2

0.57
0.78

0.31-0.83
0.54-1.01

2
8

50
312

1.33 0.25 0

Legend. Subgroups are based on a median split of disease duration (years) across the included 
studies. Hedges’ g: effect size, calculated with a random effects model; 95% CI: 95% confidence 
interval of effect size; K: number of studies; N: number of participants; Q: heterogeneity between 
studies within cognitive domain; p (Q): p value for heterogeneity; I2: percentage of heterogeneity 
caused by study differences (Q—degrees of freedom/Q×100%).

Table e-7. Subgroup analysis for education

Cognitive domain Education 
(years)

Hedges’ g 95% CI K N Q p (Q) I2 (%)

Social cognition ≤ 12.2
> 12.2

1.67
1.86

1.32-2.02
1.50-2.21

18
22

751
830

0.55 0.46 0

Fluency ≤ 12.2
> 12.2

1.65
1.48

1.44-1.87
1.35-1.61

30
33

1188
1412

1.77 0.18 43.4

Executive 
functions

≤ 12.2
> 12.2

1.49
1.41

1.26-1.71
1.27-1.55

34
42

1302
1717

0.32 0.57 0

Verbal memory ≤ 12.2
> 12.2

1.78
1.62

1.52-2.05
1.37-1.87

25
23

981
862

0.74 0.39 0

Visual memory ≤ 12.2
> 12.2

1.30
1.40

1.08-1.51
1.15-1.65

26
22

874
847

0.37 0.54 0

Visuoconstruction ≤ 12.2
> 12.2

1.02
0.84

0.73-1.30
0.54-1.14

14
8

485
386

0.67 0.41 0

Language ≤ 12.2
> 12.2

1.13
1.15

0.92-1.35
1.02-1.28

21
32

696
1222

0.01 0.92 0

Psychomotor 
speed

≤ 12.2
> 12.2

1.11
1.00

0.89-1.33
0.73-1.27

17
19

607
711

0.35 0.55 0

Attention ≤ 12.2
> 12.2

1.21
0.83

0.97-1.44
0.66-0.99

28
28

1140
1142

6.72 0.01 85.1

Visuoperception ≤ 12.2
> 12.2

0.50
0.92

0.31-0.69
0.70-1.14

6
11

212
370

8.27 0.004 87.9

Legend. Subgroups are based on a median split of years of education across the included studies. 
Hedges’ g: effect size, calculated with a random effects model; 95% CI: 95% confidence interval 
of effect size; K: number of studies; N: number of participants; Q: heterogeneity between studies 
within cognitive domain; p (Q): p value for heterogeneity; I2: percentage of heterogeneity caused 
by study differences (Q—degrees of freedom/Q×100%).

Table e-8. Subgroup analysis for disease severity

Cognitive 
domain

Disease 
severity

Hedges’ 
g

95% CI K N Q p 
(Q)

I2 (%)

Social cognition Mild
Severe

1.49
2.12

1.09-1.88
1.48-2.76

11
10

403
457

2.77 0.10 63.9

Fluency Mild
Severe

1.35
1.60

1.13-1.57
1.43-1.78

19
20

737
814

3.13 0.08 68.1

Executive 
functions

Mild
Severe

1.29
1.29

1.11-1.48
1.04-1.53

21
23

796
958

0.00 0.97 0

Verbal memory Mild
Severe

1.40
1.97

1.05-1.75
1.62-2.33

14
11

491
379

5.12 0.02 80.5

Visual memory Mild
Severe

1.24
1.47

0.96-1.52
1.09-1.85

14
15

515
544

0.88 0.35 0

Visuoconstruction Mild
Severe

0.89
1.00

0.59-1.19
0.14-1.85

10
4

379
121

0.05 0.82 0

Language Mild
Severe

1.03
1.27

0.87-1.18
1.03-1.52

18
13

661
479

2.77 0.10 63.9

Psychomotor 
speed

Mild
Severe

1.01
0.94

0.76-1.26
0.62-1.26

13
8

503
245

0.11 0.74 0

Attention Mild
Severe

1.00
1.10

0.81-1.19
0.80-1.40

18
15

719
587

0.28 0.60 0

Visuoperception Mild
Severe

0.66
0.82

0.44-0.87
0.31-1.33

4
3

136
79

0.33 0.56 0

Legend. Disease severity was measured with four scales and a median split was made across 
the included studies: Clinical Dementia Rating scale (CDR, split 1.1 ), CDR sum of boxes (split 6.1), 
Addenbrooke’s Cognitive Examination – Revised (split 78.5) or the Mattis Dementia Rating Scale 
(split 126.0); Hedges’ g: effect size, calculated with a random effects model; 95% CI: 95% confidence 
interval of effect size; K: number of studies; N: number of participants; Q: heterogeneity between 
studies within cognitive domain; p (Q): p value for heterogeneity; I2: percentage of heterogeneity 
caused by study differences (Q—degrees of freedom/Q×100%).
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ABSTRACT

Objective
Motor neuron disease (MND) and the behavioural variant of frontotemporal 
dementia (bvFTD) are thought to be part of a disease spectrum. There is 
uncertainty about the frequency and characteristics of behavioural changes 
in MND, and similarly, about a relation between bvFTD and the site of onset 
of MND. Our aim was to perform a systematic review of the publications on 
behavioural changes in MND.

Methods
An extensive search for articles on behavioural changes in MND patients was 
performed. First, cohort studies of MND patients were reviewed to summarize 
the prevalence of bvFTD and mild behavioural changes. Secondly, data on bvFTD 
symptoms (mostly from case reports) of individual MND-bvFTD patients were 
used to analyse characteristics and pooled prevalences of bvFTD symptoms. 
In addition, site of onset, survival and demographic variables of MND-bvFTD 
patients were analysed.

Results
Results showed that in cohorts, 8.1% (95% CI 5.6 – 11.5%) of MND patients had 
bvFTD. In 170 individual patients with MND-bvFTD, perseveration (40%), apathy 
(29%) and disinhibition (26%) were the most frequently reported behavioural 
changes; 43% had memory disturbances and bulbar onset was found in 48%.

Conclusion
In conclusion, 8% of MND patients have bvFTD, with perseveration being 
reported most frequently. MND-bvFTD is often accompanied by memory 
disturbances and is related to bulbar onset.

INTRODUCTION

Neuropathological and genetic studies have suggested a disease spectrum with 
motor neuron disease (MND) and frontotemporal lobar degeneration (FTLD) on 
the extreme ends.1, 2 This spectrum includes a variety of cognitive disturbances 
and behavioural symptoms in amyotrophic lateral sclerosis (ALS), the major 
form of MND. When these behavioural symptoms are severe, criteria for the 
behavioural variant of frontotemporal dementia (bvFTD) may be fulfilled.3

Neuropsychological studies have shown that cognitive deficits can be observed 
in 27 – 45% of ALS patients including impairments of executive, memory 
and language functions.4-6 These findings, and the absence of visuospatial 
dysfunction7, suggest a ‘frontotemporal cognitive profile’.8 Similar findings have 
been shown in patients with progressive muscular atrophy (PMA) and primary 
lateral sclerosis (PLS), the lower and upper motor neuron variants of MND, 
respectively.7, 9

The frequency and characteristics of behavioural symptoms however, which 
are the hallmark of bvFTD, have not been firmly determined in MND. There is 
ongoing debate about the prevalence of behavioural changes (both bvFTD and 
mild behavioural changes) and the association of bvFTD with clinical variables 
of MND, i.e. bulbar onset and survival.10-13 Our aim was to systematically review 
the literature on MND and behaviour in order to 1) estimate the prevalence of 
bvFTD and of mild behavioural changes in MND; 2) calculate prevalence rates 
of bvFTD symptoms (behavioural, cognitive and psychiatric symptoms) in MND-
bvFTD patients; and 3) determine the site of MND onset, survival and age of 
onset in MND-bvFTD patients.

METHODS

Literature search
A comprehensive literature search was conducted in October 2011 in PubMed 
(1954 – ), Web of Science (1975 – ) and PsycInfo (1860 – ) for articles in English, 
French, German, Italian and Dutch with the search terms in Box 1. The 
nomenclature of the entity now known as bvFTD has changed over time, and 
therefore patients with the diagnoses ‘MND-Pick’s disease, MND-dementia’ 
were included in our search. Full-length articles, reviews and abstracts were 
considered. Articles were retrieved on MND patients with bvFTD on the one 
hand, and patients with dementia and MND symptoms on the other. Articles 
were screened by their title and, if judged possibly relevant, the abstract was 
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read. Relevant articles were evaluated in detail. Reference lists were checked 
for additional articles (Figure 1).

Box 1 List of keywords

MND related keywords:
Amyotrophic Lateral Sclerosis; ALS; Gehrig Disease; Gehrigs Disease; Gehrig’s Disease; Lou 
Gehrig Disease; Lou Gehrigs Disease; Lou Gehrig’s Disease; MND; Motor Neuron Disease; 
Motor Neurone Disease; amyotrophe Lateralsklerose; amyotrophieschen Lateralsklerose; 
amyotrophische Lateralsklerose; amyotrophischer Lateralsklerose; sclerose laterale 
amiotrofica; sclerose laterale amyotrophique; sclerosi laterale amiotrofica; SLA; Progressive 
muscular atrophy; Progressive Spinal Muscular Atrophy; PMA; PSMA, atrophie musculaire 
progressive, lower motor neuron disease, lower motoneuron disease, lower motor neurone 
disease, Primary Lateral Sclerosis; PLS, upper motor neuron disease, upper motoneuron 
disease, upper motor neurone disease (the search was repeated with ‘disease’ replaced by 
‘disorder’ and ‘syndrome’).
FTD related keywords:
Behavior; Behavioral changes; Behaviour; Behavioural changes; Mild behavioural changes; 
Dementia; Frontal lobe dementia; Frontotemporal dementia; Frontotemporal Lobar 
Degeneration; Frontotemporal Lobar Degenerations; Frontotemporal lobe degeneration; FTD; 
FTLD; Pick Disease; Pick’s disease; Picks Disease; Presenile dementia; Demence; Demence 
presenile; Demence progressive; disturbi mentali; disturbi psichici; les troubles mentaux; 
maladie de Pick; Pickse Krankheit; Psychiatrische Storungen; Psychiatrischen Storungen; 
Psychische Störung; Psychischen Symptomen.

Inclusion and exclusion criteria
Articles judged to be relevant were divided into cohort studies (part A) and 
case-studies/series (part B, Figure 1).

In part A of the study, the cohort studies were used to examine the prevalence 
of bvFTD and mild behavioural changes in MND.

For part A of the study we included all prospective studies with an inception 
cohort if they reported:
• a description of the patient sample;
• a validated method to assess either FTD or mild behavioural changes;
• prevalence rates, or data enabling calculation of prevalence rates, of the 

behavioural subtype of frontotemporal dementia/frontotemporal lobar 
degeneration (FTLD) or mild behavioural changes.

For part B of the study, case reports and case series were used to calculate 
prevalence rates of bvFTD symptoms (behavioural, cognitive and psychiatric 
symptoms) in MND-bvFTD patients. In addition, within the group of MND-bvFTD 
patients we compared the site of onset, survival and age of onset between the 
MND onset and bvFTD-onset patients.

Figure 1. Search strategy and results

Of the 21 included cohort studies, nine calculated the prevalence of bvFTD in MND, of which four 
also determined the prevalence of mild behavioural changes in MND; four other studies calculated 
the prevalence of mild behavioural changes in MND and eight studies described behavioural 
changes without presenting prevalence rates.

For part B, single case studies, case series and reviews including one or more 
case studies of MND-bvFTD patients with either MND or bvFTD onset were 
included if they reported:
• bvFTD symptoms in one (single case study) or more (case series) individual 

patients;
• information allowing the extraction of

• the diagnosis ALS, PMA or PLS;
• one of the following diagnoses: FTD, Pick’s disease, FTLD or ALS-

dementia.
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Studies were excluded for part B of the study if they reported:
• patients with pure language variants of FTLD (i.e. without behavioural 

changes) or Alzheimer’s disease (i.e. a clinical and pathological diagnosis);
• patients with MND variants (e.g. Mills’ syndrome or Kennedy’s disease);
• less than two behavioural symptoms or only cognitive or only psychiatric 

symptoms.

Assessment of studies
A significant proportion of the included studies in part B was published before 
the diagnostic El Escorial criteria for ALS and the Neary criteria for a diagnosis 
of FTD were established.14, 15 One of the authors ( JR) assessed the diagnoses 
of these patients. This assessment was based on the clinical description 
in combination with the results of a pathological examination, which was 
available in 81 cases (48%). Based on descriptions of definite upper motor 
neuron signs and symptoms (forced yawning, crying and laughing, clonus 
of masseter reflex, (sub)clonic myotatic reflexes, Hoffmann-Trömner sign, 
extensor plantar response and spasticity) and, when available, results of a 
pathological examination, all patients could be classified as either PMA, ALS or 
PLS. Accordingly, based on clinical descriptions and pathological examination 
when available, patients could be labelled as FTD (including Pick’s disease).

Data extraction
For part A: prevalence of bvFTD and mild behavioural changes in MND, the 
following data were extracted from the cohort studies: number of patients; 
percentage of ALS patients with bulbar onset; description of the patient sample; 
method used to assess bvFTD or mild behavioural changes; (point) prevalence 
of bvFTD or mild behavioural changes; description of the diagnosis, i.e. the 
definition of bvFTD.

For part B: bvFTD symptoms in MND patients, the following data were extracted 
from the case studies/case series: gender, age at onset, age at diagnosis, MND 
diagnosis (ALS, PMA or PLS), duration of disease, whether the patient was first 
diagnosed as MND or bvFTD, bulbar- or limb-onset MND, bvFTD symptoms (i.e. 
behavioural, cognitive and psychiatric symptoms).

Data analysis
Study, demographic and clinical characteristics were summarized with simple 
descriptive statistics.

• Part A: prevalence of bvFTD and mild behavioural changes in MND; point 
prevalence rates presented in the cohort studies were pooled, accounting 

for inter-study variation and analysed using a non-linear random effects 
model.

• Part B: bvFTD symptoms in MND patients; differences regarding gender, 
age, survival and site of onset (of ALS) between patients with ALS onset 
and patients with bvFTD onset were analysed using a two-group t-test or 
Mann-Whitney U-test, when appropriate. Data analyses were performed in 
SPPS version 17.0 and SAS 9.1 (module proc. nlmixed).

• Additional data analysis for part B: the descriptions of behavioural, cognitive 
and psychiatric disturbances, respectively, were categorized into bvFTD 
symptoms (see Table E-3). When memory problems were mentioned in the 
patient description, all of the following descriptions – ‘disturbances’, ‘changes’, 
‘impairment’, and ‘deficits’ – were interpreted as ‘memory disturbance’, in 
the absence of a formal neuropsychological examination. A small number of 
studies reported neuropsychological test results; these were not analysed in 
this study. Percentages of the categorized bvFTD symptoms were calculated 
from patients in case studies or case series (numerator = number of patients 
with the disturbance; denominator = total number of patients). Using these 
percentages, pooled prevalence rates accounting for inter-study variation 
were analysed using a non-linear random effects model.

RESULTS

Part A: prevalence of bvFTD in MND patients
The search retrieved nine studies with prevalence rates of bvFTD in cohorts 
of MND patients (Table 1). ALS patients were studied in eight studies 10, 12, 16-21; 
ALS and PMA patients in one study.22

Table 1. Prevalence of the behavioural variant FTD in MND: results from cohort studies

Behavioural variant of frontotemporal dementia in MND

Author 
(ref.)

(n) 
Patients

Bulbar 
%

Patient sample Assessment Prevalence Description

Ringholz 
(10)

279 34 consecutive 
patients, two
hospitals (USA)

NPE, (family) 
interviews

5% Behavioural 
variant FTD

Murphy 
(16)

23 27 volunteer cohort,
multidisciplinary 
clinic (USA)

NPE, NPI, MRI 9% Behavioural 
variant FTLD

Lillo (12) 92 22 respondents to 
postal survey sent
to members of 
patient
association 
(Australia)

Clinical 
questionnaire 
for bvFTD 
symptoms 
and CBI-R

11% (estimated 
to) fulfil 
criteria for 
behavioural 
variant FTD
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Table 1. Continued.

Behavioural variant of frontotemporal dementia in MND

Author 
(ref.)

(n) 
Patients

Bulbar 
%

Patient sample Assessment Prevalence Description

Phukan 
(17)

160 34 population based 
(Ireland)

Direct 
evaluation, 
semi-
structured 
interviews

11% behavioural 
variant FTD

Gibbons 
(22)

16 13 consecutive patients 
in MND clinic (UK)

Informant 
based semi-
structured 
interview

13% Behavioural 
symptoms 
in the range 
seen in FTD

Portet 
(18)

23 100 bulbar ALS patients 
in a
neurology clinic 
(France)

NPE, clinical 
examination 
during 
hospital 
admission

18% Severe 
behavioural 
changes 
consistent 
with FTD

Woolley 
(19)

31 34 subset of group of 
patients visiting two 
ALS clinics (USA); 
validation cohort 
for a new screening 
instrument

NPE, FrSBe 19% FTD

Lepow 
(20)

37 n.g. subset of patients 
visiting an ALS clinic 
who underwent 
further testing after 
screening
(USA)

NPE, FrSBe 19% FTD

Lomen-
Hoerth 
(21)

44 43 subset of patients: 
out of 100 
consecutive patients 
of ALS clinic who 
either underwent 
further testing 
after screening, or 
were referred to a 
memory clinic (USA)

NPE, NPI, 
CDR

27% Research 
criteria for 
probable 
and definite 
behavioural 
variant FTLD

n = number of patients; bulbar % percentage of ALS patients with bulbar-onset; n.g. not given; NPE 
neuropsychological examination; NPI Neuropsychiatric Inventory; CBI-R Cambridge Behavioural 
Inventory-Revised; FrSBe Frontal Systems Behavior Scale; CDR Clinical Dementia Rating Scale; 
FTD frontotemporal dementia; FTLD frontotemporal lobar degeneration.
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In four studies selection bias was evident from the patient sample description: 
only bulbar-onset MND patients were included18; or cohorts consisted 
of subsets of MND patients who underwent further neuropsychological 
investigation after an initial screening.19-21 In the remaining five studies, which 
either included consecutive MND patients visiting a clinic, or members of a 
MND patient association responding to a postal survey, or a population based 
cohort, the prevalence of bvFTD according to Neary’s criteria ranged from 5.3% 
to 12.5% (Table 1).10, 12, 16, 17, 22 The pooled prevalence rate of bvFTD in MND taken 
from these five studies is 8.1% (n= 570; 95% CI 5.6 – 11.5%).

Prevalence of mild behavioural changes in MND patients
The search retrieved eight studies with prevalence rates of mild (n = 7) or 
moderate (n = 1) behavioural changes in cohorts of MND patients without 
dementia (Table 2).12, 16, 19, 22-26

ALS patients were studied in seven studies; ALS and PMA patients in one 
study.22 Mild to moderate behavioural changes (according to diverging 
definitions) were shown in 17 – 88% of MND patients (Table 2). The search 
retrieved another six studies that examined mild behavioural changes in MND 
patients without presenting prevalence rates. These data are summarized in 
a supplementary table (Table E-1). Please find this material with the following 
direct link to the article: http://informahealthcare.com/doi/abs/10.3109/17482
968.2012.656652.

Part B: clinical characteristics of MND-bvFTD patients
In this part of the review, data from individual patients from case studies or 
case series were analysed. From the literature search 20 reports were excluded 
that reported patients with MND variants, Alzheimer’s disease, less than two 
behavioural symptoms, or only cognitive symptoms. Ninety-eight articles met the 
inclusion criteria for part B (Figure 1, and supplementary table E-2 for the articles 
included). Please find this material with the following direct link to the article: 
http://informahealthcare.com/doi/abs/10.3109/17482968.2012.656652.

In these 98 studies, 170 patients were described: 135 ALS patients, 21 PMA 
patients and three PLS patients; one patient had progressive bulbar palsy 
without central motor neuron signs and was included in the PMA group; no 
information on reflexes or pyramidal tract involvement was available from 10 
other patients, and these were included in the ALS group. Of the 170 patients, 
142 could also be classified as suffering from bvFTD or Pick’s disease, and 28 
as probable bvFTD. In the following sections the Pick’s disease and probable 
bvFTD cases are included in the ‘bvFTD’ group. Clinical and demographic data 
are summarized in Table 3.

Table 3. Clinical and demographic data of 170 patients with MND-bvFTD

bvFTD 
onset

MND onset Simultan. 
onset

Unknown 
onset

Total (N) ¶

Total 93 36 32 9 170
 Male 49 21 21 4 95
 Female 42 15 11 3 71
 Missing 2 0 0 2 4

Age at onset, y 53 (16 – 73) § 64 (25 – 80) 53 (32 – 66) 43 (38 – 70) 54 (16 – 80)
 Missing 19 5 4 4 32

Survival* months 36 (9 – 156) § 29 (12 – 108) 23 (12 – 99) 36 (15 – 84) 33 (9 – 156)
 Missing 38 12 17 4 71

Onset MND
 Limb 34 16 16 4 70
 Bulbar 41 16 13 1 71
 Limb and bulbar 10 2 3 1 16
 Missing 8 2 0 3 13

Values are totals, or median (range). Simultan.: simultaneous onset of ALS and bvFTD; Y: years. 
¶: ALS (n 145); PMA (n 22); PLS (n 3); *: duration between the first symptom as reported by the 
patient or a relative, and death. §: p 0.01 compared to patients with MND onset.

The male to female ratio of the 170 MND-FTD patients was 1.3:1. BvFTD 
developed after a median time of 16 months in MND patients (range 2 – 40; 
n = 21, missing data 42%); MND developed after a median time of 18 months 
in bvFTD patients (range 2 – 168; n = 60; missing data 35%, difference not 
significant between MND or bvFTD onset). Forty-two percent of the MND-
bvFTD patients had bulbar-onset MND and 41% had limb onset. Site of onset 
was not significantly different between patients with MND and bvFTD onset 
(missing data 3%). When ALS-bvFTD patients were analysed separately, the 
proportion of bulbar, limb, and simultaneous limb and bulbar onset was 48%, 
39% and 10%, respectively (missing data 3%).

BvFTD symptoms: characteristics, relative frequencies and pooled 
prevalences
From the descriptions of 170 MND-bvFTD patients, 59 different bvFTD 
symptoms were listed in a supplementary table (Table E-3). Please find this 
material with the following direct link to the article: http://informahealthcare.
com/doi/abs/10.3109/17482968.2012.656652.

The number of bvFTD symptoms reported per patient, and their frequencies, 
are shown in Table 4.
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Table 4. Number of bvFTD symptoms reported per patient

Number of bvFTD symptoms Number of patients Cumulative percentage
2 23 13.5
3 28 30.0
4 23 43.5
5 27 59.4
6 16 68.8
7 12 75.9
8 12 82.9
9 10 88.8
10 8 93.5
> 10 11 100.0
Total 170

In total 960 bvFTD symptoms were described in 170 patients (mean 5.6 bvFTD 
symptoms per patient). Pooled prevalence rates showed that perseveration 
was the most frequently described behavioural disturbance (40%). Apathy 
and disinhibition showed pooled prevalence rates of 29 and 26%, respectively 
(Figure 2). Three cognitive symptoms were listed: memory disturbances, 
attention deficits and disorientation. Memory disturbances, ranging from mild 
to severe showed a pooled prevalence of 43%. Memory disturbance was the 
first bvFTD symptom in 20% of the patients. Of the psychiatric symptoms, 
delusions, paranoia and hallucinations showed a pooled prevalence rate of 9, 
8 and 12%, respectively.

DISCUSSION

This systematic review shows that 8% of MND patients have bvFTD and that 
perseveration, apathy and disinhibition are the most frequently described 
behavioural symptoms of patients with MND-bvFTD. We also found that bvFTD 
occurs relatively more often in bulbar-onset MND. A noticeable finding is the 
high frequency of memory disturbance in MND-bvFTD patients.

Prevalence of FTD
The prevalence of bvFTD in MND in this review varied between 5% and 27%, 
which is related to diverging definitions (i.e. research criteria for probable 
FTD vs. Neary criteria) and different patient samples (e.g. a subset of patients 
investigated after an initial screening test vs. population based samples). The 
study with the largest cohort, including 279 ALS patients shortly after diagnosis 
had been established, showed a lower prevalence of bvFTD (5%) compared to 
the population or ‘patient-association based’ studies (11%), which encompassed 
MND patients with a longer disease duration.10, 12, 17 This higher prevalence of 

bvFTD in the latter studies may reflect the development of bvFTD in the course 
of MND.

Figure 2. Most frequently described bvFTD symptoms in MND patients

Percentages denote the estimated prevalence of MNDbvFTD patients with the particular bvFTD 
symptom reported in case reports or series. Percentages presented in 98 studies were pooled 
using a non-linear random effect analysis. Here, the 10 most frequently reported behavioural 
symptoms and three cognitive symptoms are shown. Supplementary Table 3 shows a complete 
list of the estimated prevalences of bvFTD symptoms.

Clinical variables – MND or bvFTD: which disease comes first?
There has been debate in the literature on whether the occurrence of bvFTD 
precedes that of MND in nearly all patients with MND-bvFTD27, or whether 
bvFTD develops in the course of MND. Taking into consideration the differences 
in disease duration between FTD (6 – 8 years) and MND (three years), and 
presuming that the chance of developing one disease when the other is present, 
is equal, then FTD patients have at least twice as much time to develop MND, 
compared to MND patients to develop FTD.28, 29

In agreement with this assumption, in 161 MND-bvFTD patients in this 
systematic review 55% presented with bvFTD, 21% with ALS and in 19% there 
was a simultaneous onset. In comparison, a recent study in 31 behavioural 
predominant MND-FTD patients showed 68% patients presenting with bvFTD, 
10% with MND and 22% with a simultaneous onset.30 Differences in disease 
onsets in MND-bvFTD cohorts may be related to the site where patients are 
recruited (i.e. dementia clinic vs. MND clinic).
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Clinical variables: bulbar-onset ALS
There have been conflicting data about a relationship between FTD and bulbar-
onset MND/ALS.10, 17, 21 Depending on whether a cohort with prevalent or incident 
MND/ALS patients (without dementia) is studied, 19 – 30% of MND/ALS patients 
have bulbar onset.28, 31 In this systematic review we found bulbar onset in 42% 
of MND-bvFTD (48% of ALS-bvFTD patients), which is within the range found 
by two other studies (39 – 61%) in patients with MND-bvFTD.29, 30 This supports 
an association of bulbar onset and extramotor cortex involvement in MND.

Clinical variables: survival
In this study, MND-bvFTD patients with MND onset had a shorter survival 
compared to MND-bvFTD patients with bvFTD onset (Table 3). Compared to 
the survival of bvFTD patients without MND, the development of MND in bvFTD 
patients reduces survival by at least 50%.29 The survival of all MND-bvFTD 
patients in this review with complete data is 13 months shorter compared to 
findings of a retrospective study, which may be related to the higher proportion 
of MND-onset patients (22% vs. 10%) in our study.30 When only bvFTD-onset 
MND-bvFTD patients were analysed, the survival in the present study (36 
months) was similar, respectively seven months longer compared to two smaller 
studies in MND-bvFTD patients29, 32; the difference may be ascribed to a higher 
proportion of bulbar-onset ALS patients in one of the latter studies.29 Thus, 
our review corroborates earlier findings that the occurrence of MND in bvFTD 
leads to a shorter survival. Interestingly, the survival of MND patients who 
developed bvFTD is similar to a population based prospective survey in MND 
patients with a comparable age at onset and a lower proportion bulbar-onset 
MND.28 Thus, our data do not support the observations made by others that 
bvFTD leads to a shorter survival in MND11, 13, 32, although missing data in 33% 
made this finding less reliable.

A negative effect of bvFTD on survival in MND has been shown by others 
to be related to a higher non-compliance with non-invasive ventilation and 
feeding tube insertion, and to a higher proportion of bulbar-onset MND in 
MND-bvFTD.13 Therefore, the impact of FTD on the survival of MND patients, 
irrespective of these confounders, needs to be studied further.11

Cognitive variable: memory disturbance
This review shows that 43% of MND-bvFTD patients had early or severe memory 
disturbances, ranking memory as the most frequent bvFTD symptoms in MND-
bvFTD. Although early or severe memory problems are traditionally considered 
to be rare in bvFTD, initial memory complaints have been reported in 16 – 60% 
of bvFTD patients, and in one study memory problems were the fourth most 
frequent of 12 bvFTD symptoms.29, 33, 34 In 20% of the MND-bvFTD patients in 

the present study, memory disturbance was among the first symptoms, which 
is in agreement with a recent study in 18 MND-FTD patients.29 Of note, in our 
and other studies, memory disturbances were based on history taking, which 
may have overestimated the frequency, because other cognitive deficits may 
have been misinterpreted as memory disturbances.

Mild behavioural symptoms in MND
The presence of mild behavioural changes in MND would support the concept 
of a continuum between MND and bvFTD. In 13 of the 14 retrieved studies 
concerning mild behavioural changes, these were assessed with the Frontal 
Systems Behaviour Scale, Neuropsychiatric Inventory or Cambridge Behavioural 
Inventory. These instruments, widely used in patients with dementia, have not 
been validated in MND patients and are not adapted for motor impairment, 
which probably results in overestimation of ‘motor-free’ mild behavioural 
changes in MND. In addition, in only three studies a control group was 
examined.35, 36 A prospective controlled study with a clear description of the 
inception cohort with a valid scale is needed to assess the presence of mild 
behavioural changes in MND. The behavioural characteristics of MND in this 
review may help to develop such a scale.

Strengths and limitations
In addition to its strengths (large number of patients, systematic analysis) this 
review has some limitations. The methodological quality of case reports and 
case series is poor. We found, however, that most patient descriptions were 
sufficient to extract useful information, which is underlined by the description 
of at least four bvFTD symptoms in nearly three-quarters of the patients 
(Table 3).

The pooled prevalences of the bvFTD symptoms from the random effect 
analysis should be interpreted with caution. In single case studies or case 
series, authors may tend to describe symptoms that are prominent, interesting 
and in line with the diagnosis.

In conclusion, bvFTD is present in 8% of MND patients and perseveration, 
apathy and disinhibition are frequently described in MND-bvFTD. Memory 
disturbances are another important symptom for the clinician who evaluates 
a patient with MND, as it may be heralding the onset of bvFTD.
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SUPPLEMENTAL MATERIAL

Fourteen studies were found which examined mild behavioural changes in MND 
patients. The Frontal Systems Behaviour Scale (FrSBe) was used in 10 studies 
(table).1-9 The Neuropsychiatric Inventory, Cambridge Behavioural Inventory-
Revised, a clinical questionnaire or semi-structured interview were used in 
four other studies which are not discussed here.10-13 The FrSBe is a behavioural 
scale with three subscales (apathy, disinhibition and executive dysfunction). 
Half of the 14 items measuring apathy are directly related to motor disabilities 
(limb or bulbar palsy) and the two other subscales (disinhibition and executive 
dysfunction) also contain some items related to motor disabilities. In all studies 
the apathy subscale showed higher scores compared to the other subscales 
(see table). In two of the three controlled studies a significantly higher score 
for apathy was shown compared to the control group.

Table 1. 

FrSBe subscales (T-scores)

Author (ref) (n) 
Patients

Bulbar % Control 
group

FrSBe total 
score
(T-score)

Apathy Disinhibition Dys-
executive

Woolley1 17 n.g.* no 56 59 52 55

Wicks2 41 12 55 58** 54 54

n = 35 50 50 49 48

Woolley3 16 6 no 57 60 55 56

Chiò4 70 23 no n.g. 67 57 63

Witgert5 225 24 no 55 59 52 53

Terada6 24 n.g. no 54 62 49 50

Tsujimoto7 21 33 no n.g. 54 46 46

Grossman8 45 38 no 56 29 47

Girardi – 1^9 17 n.g. 56 57** 55 55

n = 20 51 46 53 47

Girardi – 2^9 14 7^^ 67 n.g. n.g. n.g.

n = 20 75 n.g. n.g. n.g.

From all studies ‘Post-Illness’ scores rated by a carer were taken, except where stated otherwise. 
n.g.: not given; *: mean bulbar score ALSFRS-R 9; **: p<0.05; ^: self-rated scores were presented 
(no difference was found between carer-rated and self-rated scores); ^^: bulbar symptoms.
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Table 2. Reports of individual patients included in the review (adapted from original publication)

Author Title (truncated) Journal, year of publication

Androp, S. Amyotrophic lateral sclerosis with 
psychosis

Psychiatr Q,1940

Anneser, J. Inappropriate sexual behaviour in a 
case of ALS and FTD

Amyotroph Lateral Scler, 2007

Bak, T. Selective impairment of verb 
processing associated with 
pathological changes in Brodmann 
areas 44 and 45

Brain, 2001

Benajiba, L. TARDBP mutations in motoneuron 
disease with frontotemporal lobar 
degeneration

Ann Neurol, 2009

Bonaretti, T. Su due casi di sclerosi 
laterale amiotrofi ca ad inizio 
pseudobulbare preceduta da 
decadimento psichico

G Psichiatr Neuropatol, 1959

Boudouresques, J. État démentiel, sclérose latérale 
amyotrophique, syndrome 
extrapyramidal

Rev Neurol, 1967

Boxer, A. Clinical, neuroimaging and 
neuropathological features of a new 
chromosome 9p-linked FTD-ALS 
family

J Neurol Neurosur Ps, 2011

Brandmeir, N. Severe subcortical TDP-43 
pathology in sporadic 
frontotemporal lobar degeneration 
with motor neuron disease

Acta Neuropathol, 2008

Braunmühl, Von A. Picksche Krankheit und 
amyotrophische lateral sklerose

Allgemeine Psychiatrisch 
Psychol Med, 1932

Brion, S. L’association maladie de Pick et 
sclérose latérale amyotrophique

L’Encéphale, 1980

Broustal, O. FUS mutations in frontotemporal 
lobar degeneration with 
amyotrophic lateral sclerosis

J. Alzheimers Dis, 2010

Burnstein, M. Familial amyotrophic lateral 
sclerosis, dementia, and psychosis

Psychosomatics, 1981

Campanella, G. Su di un caso di sclerosi laterale 
amiotrofi ca a caraterre familiare

G Psichiatr Neuropatol, 1959

Cavalleri, F. Amyotrophic lateral sclerosis with 
dementia

Acta Neurologica 
Scandinavica, 1994

Chio, A. Amyotrophic lateral sclerosis-
frontotemporal lobar dementia in 3 
families with p.Ala3882Thr TARDBP 
mutations

Arch Neurol, 2010
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Table 2. Continued.

Author Title (truncated) Journal, year of publication

Constantinidis, J. Syndrome familial: association de 
maladie de Pick et scléroselatérale 
amyotrophique

L’Encéphale, 1987

Dazzi, P. Sulla sclerosi laterale amiotrofi ca 
familiare contributo clinico

G Psichiar Neuropatol, 1969

De Brito-Marques, P. Amyotrophic lateral sclerosis with 
dementia

Arq Neuropsiquiatr, 1999

De Morsier, G. Un cas de maladie de Pick 
avec sclérose latérale 
amyotrophiqueterminale

Rev Neurol, 1967

Deng, H. Mutations in UBQLN2 cause 
dominant X-linked juvenile and 
adult-onset ALS and ALS-dementia

Nature, 2011

Deymeer, F. Thalamic dementia and motor 
neuron disease

Neurology, 1989

Dickson, D. Klüver-Bucy syndrome and 
amyotrophic lateral sclerosis

Neurology, 1986

Duffy, J. Progressive apraxia of speech as a 
sign of motor neuron disease

Am J Speech Lang Pathol, 2007

Dwornik, A. Frontotemporal dementia with 
lower motor neuron disease 
and extrapyramidal signs: case 
description

J Neurol, 2007

Enns, M. Amyotrophic lateral sclerosis 
presenting with psychosis

Psychosomatics, 1993

Finlayson, M. Cerebral lesions in familial 
amyotrophic lateral sclerosis and 
dementia

Acta Neuropathol, 1973

Friedlander, J. Role of psychosis in amyotrophic 
lateral sclerosis

Arch Neurol Psychiatr, 1948

Gentileschi, V. Fronto-temporal dementia and 
motor neuron disease

Acta Neurol Scand, 1999

Gibbons, Z. Behaviour in amyotrophic lateral 
sclerosis

Amyotroph Lateral Scler, 2008

Girardi, A. Deficits in emotional and social 
cognition in amyotrophic 
lateralsclerosis

Neuropsychology, 2011

Gunnarsson, L. Motor neuron disease and 
dementia reported among 13 
membersof a single family

Acta Neurol Scand, 1991

Horopian, D. Dementia and motor neuron 
disease: morphometric, 
biochemical, and golgi study

Ann Neurol, 1984

Table 2. Continued.

Author Title (truncated) Journal, year of publication

Ichikawa, H. Writing errors and anosognosia in 
amyotrophic lateral sclerosiswith 
dementia

Behav Neurol, 2008

Ishihara, K. An autopsy case of frontotemporal 
dementia with severe dysarthria 
and motor neuron disease

Neuropathology, 2006

Josephs, K. Clinically undetected motor neuron 
disease in pathologically proven 
frontotemporal lobar degeneration

Arch Neurol, 2006

Kato, S. Participation of the limbic system 
and its associated areas in the 
dementia of amyotrophic lateral 
sclerosis

J Neurol Sci, 1994

Katz, J. An I113T mutation in the SOD-1 
gene associated with severe 
frontotemporal dementia in a 
patient with familial ALS

Amyotroph Lateral Scler, 2008 
(abstract)

Kellner, M. Letter to the Editor: Familial 
presenile dementia with 
motorneuron disease

J Clin Psychiatry, 1994

Kim, S. Semantic dementia combined with 
motor neuron disease

J Clin Neurosci, 2009

Komachi, H. Motor neuron disease with 
dementia and ophthalmoplegia

J Neurol, 1994

Kurachi, M. Amyotrophic lateral sclerosis with 
temporal lobe atrophy

Folia Psychiatr Neurol Jpn, 
1979

Kuwahara, H. Frontotemporal lobar degeneration 
with motor neuron disease showing 
severe and circumscribed atrophy

J Neurol Sci, 2010

Larner, A. Delusion of pregnancy in 
frontotemporal lobar degeneration 
with motor neurone disease

Behav Neurol, 2008

Léchelle, P. Maladie de Pick. Sclérose latérale 
amyotrophique terminale

Ann Méd Interne, 1954

Lillo, P. Neurobehavioral features in 
frontotemporal dementia with 
amyotrophic lateral sclerosis

Arch Neurol, 2010

Litterio, D. Sclerosi laterale amiotrofi ca e 
demenza: una rara associazione.

Riv Neurol, 1985

Liu, A. A case study of an emerging visual 
artist with frontotemporal lobar 
degeneration

Neurocase, 2009
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Table 2. Continued.

Author Title (truncated) Journal, year of publication

Lopate, G. Familial ALS with extreme 
phenotypic variability due to the 
I113T SOD1 mutation

Amyotroph Lateral Scler, 2010

Lopez, O. Dementia accompanying motor 
neuron disease

Dementia, 1994

Luty, A. Pedigree with frontotemporal 
lobar degeneration - motor 
neurondisease and Tar DNA binding 
protein-43 positive neuropathology

Neurology, 2008

Marquard, R. Dementia accompanying motor 
neuron disease

Dement Geriatr Cogn Disord, 
2003

Martinaud, O. Frontotemporal dementia, motor 
neuron disease and tauopathy

Acta Neuropathol, 2005

McCluskey, L. Amyotrophic lateral sclerosis-plus 
syndrome with TAR DNAbinding 
protein-43 pathology

Arch Neurol, 2009

Meyer, A. Über eine der amyotrophischen 
Lateralsklerose nahestehende 
Erkrankung mit psychischen 
Störungen

Ztschr ges Neurol u Psychiat, 
1929

Mitsuyama, Y. Progressive dementia with motor 
neuron disease

Eur Arch Psychiatry Neurol Sci, 
1985

Mitsuyama, Y. Presenile dementia with motor 
neuron disease in Japan

Arch Neurol, 1979

Mitsuyama, Y. Presenile dementia with motor 
neuron disease: an additional 
casereport

Folia Psychiatr Neurol Jpn, 
1981

Mitsuyama, Y. Presenile dementia with motor 
neuron disease in Japan: 
clinicopathological review of 26 
cases

J Neurol Neurosurg Ps, 1984

Mochizuki, A. Frontotemporal dementia with 
ubiquitinated neuronal inclusions 
presenting with primary lateral 
sclerosis and parkinsonism

Acta Neuropathol, 2004

Momeni, P. Analysis of IFT74 as a candidate 
gene for chromosome 
9p-linkedALS-FTD

BMC Neurol, 2006

Moretti, R. Complex cognitive disruption in 
frontal dementia related tomotor 
neuron disease

Percept Mot Skills, 2001

Table 2. Continued.

Author Title (truncated) Journal, year of publication

Morita, K. Presenile dementia combined 
with amyotrophy: a review of 34 
Japanese cases

Arch Gerontol Geriatr, 1987

Muller, M. Amyotrophic lateral sclerosis and 
frontal lobe dementia inalzheimer ś 
disease

Eur Neurol, 1993

Neary, D. Frontal lobe dementia and motor 
neuron disease

J Neurol Neurosurg Ps, 1990

Niizato, K. Pick’s disease with amyotrophic 
lateral sclerosis (ALS)

J Neurol Sci, 1997

Nitrini, R. Psychotic symptoms in 
dementia associated with motor 
neurondisease

J Neuropsychiatry Clin 
Neurosci, 1998

Ojeda, V. Familial motor neuron disease 
associated with non-specificorganic 
dementia

Med J Aust, 1984

Olojugba, C. De Clerambault’s syndrome 
(erotomania) as a presenting 
feature of frontotemporal dementia 
and motor neuron disease

Behav Neurol, 2007

Omar, R. Delusions in frontotemporal lobar 
degeneration

J Neurol, 2009

Pearson, J. Familial frontotemporal dementia 
with amyotrophic lateral sclerosis 
and a shared haplotype on 
chromosome 9p

J Neurol, 2011

Peavy, G. Neuropsychological aspects of 
dementia of motor neuron disease

Neurology, 1992

Poppe, Von W. Klinisch- und pathologisch-
anatomische Untersuchungen über 
Kombinationsformen praeseniler 
Hirnatrophien

Psychiat Neurol, 1963

Portera-Cailliau, C. A familial form of pallidoluysionigral 
degeneration and amyotrophic 
lateral sclerosis with divergent 
clinical presentations

J Neuropathol Exp Neurol, 
2007

Prudlo, J. Chromosomal translocation 
t(18;21)(q23;q22.1) indicates 
novelsusceptibility loci for 
frontotemporal dementia with ALS

Ann Neurol, 2004

Raaphorst, J. Amyotrophische laterale sclerose 
en frontotemporale dementie

Ned Tijdschr Geneeskd, 2010
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Table 2. Continued.

Author Title (truncated) Journal, year of publication

Rakowicz, W. Dementia and aphasia in motor 
neuron disease

J Neurol Neurosurg Ps, 1998

Reda, G. Su una particolare forma morbosa 
del presenium di difficile classifi 
cazione nosografica

Riv Neurol, 1953

Robertson, E. Progressive bulbar paralysis 
showing heredofamilial incidence 
and intellectual

Arch Neurol Psychiatr, 1953

Rusina, R. FTLD-TDP with motor neuron 
disease, visuospatial impairment 
and a progressive supranuclear 
palsy-like syndrome

Neurology, 2011

Šarac, H. Magnetic Resonance Imaging and 
Magnetic Resonance spectroscopy 
in a patient with amyotrophic lateral 
sclerosis

Coll Antropol, 2008

Sathasivam, S. Frontotemporal lobar degeneration 
with motor neurone disease

Int J Psychiatry Clin Pract, 2008

Shirabe, T. An autopsy case of amyotrophic 
lateral sclerosis with dementia

Kyushu N-Psych, 1970

Souza de, L Démence sémantique assosciée 
à une sclérose latérale 
amyotrophique

Rev Neurol, 2009

Sudo, S. Motor neuron disease with 
dementia combined with 
degeneration of striatonigral and 
palliduluysian systems

Acta Neuropathol, 2002

Takeda, T Letter to the editor: Preferential 
involvement of the basolaterallimbic 
circuit in an amyotrophic lateral 
sclerosis patient

Eur J Neurol, 2007

Tanaka, M. Cerebral blood flow and oxygen 
metabolism in progressive 
dementia associated with 
amyotrophic lateral sclerosis

Neurol Res, 2003

Thiel, A. Demenz und psychotische 
Symptome bei der 
amyotrophenLateralsklerose

Nervenarzt, 1993

Toyoshima, Y. Is motor neuron disease-inclusion 
dementia a forme fruste of alswith 
dementia?

Neuropathology, 2005

Table 2. Continued.

Author Title (truncated) Journal, year of publication

Tsuchiya, K. Constant involvement of the 
Betz cells and pyramidal tract 
inamyotrophic lateral sclerosis with 
dementia

Acta Neuropathol, 2002

Tsuchiya, K. Atypical amyotrophic lateral 
sclerosis with dementia mimicking 
frontal Pick’s disease

Acta Neuropathol, 2001

van Es, M. A case of ALS-FTD in a large FALS 
pedigree with a K17I ANGmutation

Neurology, 2009

Van Reeth, P. Démence de Pick assosciée à une 
sclérose latérale amyotrophique 
atypique

Acta Neurol Psychiatrica 
Belgica, 1961

Vance, C. Familial amyotrophic lateral 
sclerosis with frontotemporal 
dementia is linked to a locus on 
chromosome 9p13.2-21.3

Brain, 2006

Vercelletto, M. Aspects neuropsychologiques 
et scintigraphiques des 
démencesfronto-temporales 
précédant l’atteinte du 
motoneurone

Rev Neurol, 2003

Vercelletto, M. Démence de type frontal et 
sclérose latérale amyotrophique

Rev Neurol, 1995

Wilhelmsen, K. 17q-linked frontotemporal 
dementia-amyotrophic lateral 
sclerosis without tau mutations 
with tau and alpha-synuclein 
inclusions

Arch Neurol, 2004

Yokota, O. Amyotrophic lateral sclerosis with 
dementia

Acta Neuropathol, 2006

Yvonneau, M. Syndrome familial de sclérose 
latérale amyotrophique 
avecdémence

L’Encéphale, 1971
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From patients in case studies or case series, percentages of the categorized 
bvFTD symptoms were calculated (numerator = number of patients with the 
disturbance; denominator = total number of patients). Using these percentages, 
pooled prevalence rates accounting for inter-study variation were analysed 
using a nonlinear random effects model. These pooled prevalence rates are 
listed in this table.

Table 3. 

bvFTD symptom Prevalence rate bvFTD symptom Prevalence rate

memory complaints 42.9 anxious 5.3

perseveration 40.0 loss of initiative 4.7

attention deficit 29.8 wasting money 4.7

apathy 28.8 poverty of speech 4.7

disinhibition 25.9 loss of emotions 4.7

loss of disease insight 24.7 obsession with food 4.1

indifference 24.1 spontaneous 4.1

loss of interest 19.4 loss of will 4.1

aggression 18.2 suspicious 3.6

loss of hygiene 17.1 selfishness 3.5

disorientation 16.5 imitation 3.5

irritability 16.5 alcohol addiction 2.9

labile 13.5 going away 2.9

mental rigidity 12.9 stubborn 2.9

restlessness 12.9 uncritically 2.4

hallucinations 11.8 insomnia 2.4

withdrawal behaviour 11.2 counteracting 2.4

wandering 10.6 desperate 2.4

hoarding 10.6 antisocial 1.8

loss of judgement 10.6 obsession with money 1.8

loss of decorum 10.0 inactive 1.8

impulsive 10.0 superficial 1.8

loss of empathy 9.4 loss of emotions 1.2

delusion 9.4 kleptomania 1.2

childish 8.8 narcissism 1.2

euphoria 8.2 attentiveness 1.2

paranoia 7.6 sad 1.2

obsessive 7.1 changes of activity level 0.6

sexually disinhibited 7.1 extravagance 0.6

excessive social behaviour 6.5
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ABSTRACT

Objective
Executive dysfunction occurs in 30-50% of amyotrophic lateral sclerosis (ALS) 
patients and is most frequently assessed with the verbal fluency test. The 
verbal fluency index (VFI) has been developed to correct for slowness of speech 
in ALS, and reflects the average thinking time per word. However, its use as 
a marker of cognitive impairment is hindered by the absence of valid norm 
scores. Therefore, we provide normative data for the VFI.

Methods
Dutch volunteers were demographically matched to the Dutch ALS population 
and completed the verbal fluency index (one-minute and three-minute spoken 
letter fluency). Multiple stepwise linear regression was performed to assess 
the influence of demographic variables, past medical history and medication 
use.

Results
273 volunteers participated in this study. Educational level was negatively 
correlated to one-minute and three-minute VFI performance (r=-0.3 and r=-
0.4, p<0.001, respectively). No correlations for age, gender, medication and past 
medical history were found. A formula for standardized z-scores, corrected for 
educational level, for the one-minute and three-minute VFI was calculated.

Conclusions
We provide Dutch normative data for the spoken verbal fluency index, which 
can be used internationally, but validation in other languages is recommended. 
The findings illustrate the importance of valid disease-specific norm scores for 
time-dependent cognitive tests in ALS.

INTRODUCTION

In 30-50% of amyotrophic lateral sclerosis (ALS) patients cognitive changes 
have been demonstrated, in particular executive dysfunction.1 Verbal fluency 
is a sensitive and reliable test of executive functioning and is used as a marker 
of cognitive performance in ALS.2-5 Verbal fluency performance is related to 
educational level and age.6 Because verbal fluency is a time-dependent task, it is 
important to correct for slowing of speech in ALS patients. For this reason, the 
verbal fluency index (VFI) has been developed, which represents the average 
thinking time per word.7 Most frequently, one-minute and three-minute versions 
of the spoken version of the VFI (letter fluency) are used.8-10 Preliminary English 
normative VFI data did not include correction for educational level or age and 
were based on 20 healthy controls who had a slightly higher educational level 
than the ALS patients, possibly overestimating dysfunction in patients.8 The 
interpretation of fluency deficits in ALS patients can be further improved with 
normative VFI data based on a larger sample of controls. This cohort should be 
carefully matched with ALS patients on demographic variables that may exert 
an effect on letter fluency performance, i.e. education and age.11 Our aim was to 
provide normative data for the one- and three-minute letter fluency index.

METHODS

Study population
Two hundred and ninety-five native Dutch speaking volunteers participated in 
a population-based epidemiological ALS-study in the Netherlands (PAN) and 
were selected by general practitioners who look after patients with ALS.12 The 
volunteers were matched for age, gender and education to 1009 ALS patients of 
the PAN study, included between June 2006 and May 2012. No VFI data of ALS 
patients are presented in this study; the demographic data of the ALS patients 
were only used to analyse whether the cohort matched with a representative 
ALS population. This study was approved by the Ethics Committee of the 
University Medical Centre Utrecht, and procedures were according to the 
Helsinki Declaration of 1975, revised in 1983.

Demographic variables
The past medical history and use of alcohol and sedative medication were 
recorded and dichotomized with 0 indicating no supposed effect on VFI 
performance and 1 indicating a possible effect on VFI performance (e.g. epilepsy 
in past medical history, use of sedative medication or three or more alcohol 
units per day).13 The level of education was classified into seven categories, 
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ranging from primary school to university degree, which closely resembles the 
International Standard Classification of Education (ISCED, 2011).14

Procedures
Research assistants of the Dutch epidemiological study were trained twice by 
two authors (EB and JR) and administered the VFI to the volunteers during a 
home visit.12 Participants were asked to name as many words beginning with 
the letter “D” in three minutes. The letter “D” was chosen following a strategy 
comparable to that used for the COWAT fluency test by Benton and Hamsher. 
This strategy is based on the frequency of words starting with a certain letter in 
a language.15 The letter “D” in Dutch resembles the letters “F” and “S” in English, 
in terms of difficulty.16 Names, variations of the same word (e.g. “door” followed 
by “doors”), same words with a different suffix (e.g. “doorknob” followed by 
“doorpost”), repetitions and non-existing words were not permitted. The 
number of words after one and three minutes was recorded. The VFI (letter 
version) consists of two conditions: in the generation condition participants 
name as many words beginning with a certain letter in three minutes. In the 
control condition, participants have to read aloud these produced items as 
quickly as possible. The fluency index is calculated as follows:

VFI = (time needed for generation - time needed for reading)/total number of 
items generated.7

The VFI reflects the average thinking time needed to generate a word. We used 
the spoken version of the VFI in this study. To screen for executive dysfunction, 
the frontal assessment battery (FAB) was administered to all participants 
(maximum score is 18; scores <14 indicate frontal/executive dysfunction).17

Statistical analysis
The volunteers were matched to 1009 ALS patients for age (independent t-test), 
gender (chi-square test) and level of education (Mann-Whitney U test). To 
examine the effects of age, gender, education, medication, past medical history 
and alcohol use on VFI scores in the volunteer group, multiple stepwise linear 
regression was used. Mean (SD) or median (interquartile range) was calculated, 
when appropriate, for the number of words generated after 1 and 3 minutes 
and the one-minute and three-minute VFI.

RESULTS

Study population
Twenty-two participants with more than 5 errors (mainly rule-breaks) were 
excluded. Data of 273 participants were analysed (165 males, 60.4%). The 
mean (SD) age was 64.0 years (9.2, range 29-84). The median (interquartile 
range) educational level was 4 (3-6) and ranged from ‘primary school’ (n= 13) to 
‘university degree’ (n= 18, table 1). The median (interquartile range) FAB score 
was 17 (16-18), indicating no frontal/executive dysfunction.

Table 1. Levels of education of the volunteers

Level of education Number of volunteers (%)

1 Primary school 13 (4.8)

2 Lower secondary education 49 (17.9)

3 Upper secondary education 67 (24.5)

4 Post-secondary education 46 (16.8)

5 First stage of tertiary education 28 (10.3)

6 College degree 52 (19.0)

7 University degree 18 (6.6)

Levels of education are categorized according to the International Standard Classification of 
Education 2011, excluding the levels 0 (less than primary), 8 (doctoral) and 9 (not elsewhere 
classified).

The volunteers were matched for age (p = 0.1) and gender (p = 0.8) to the ALS 
patients in the PAN study: mean age 63.0 (10.9); 603 males (59.8%), 406 females. 
The distribution of education levels of the volunteer cohort and the PAN study 
cohort was comparable (p= 0.08).

Verbal fluency index
The mean (SD) number of words (raw score) of the one-minute and three-minute 
versions was 11.0 (3.9) and 22.8 (7.6), respectively. The median (interquartile 
range) VFI of the one-minute and three-minute versions was 4.7 (3.5-6.4) and 7.0 
(5.6-9.5), respectively. Educational level was negatively correlated to one-minute 
and three minutes VFI performances (r=-0.3 and r=-0.4; p<0.001, respectively). 
There was no effect of age, gender, medication, past medical history and use 
of alcohol on VFI scores. The regression formula for the transformation of 
raw scores into a standardized z-score for the VFI one-minute version was 
z = (7.39 – (0.50 * education) – VFI)/2.72; and for the three-minute version this 
was z = (11.23 – (0.81 * education) – VFI)/3.46. For “education” we used the 
classification ranging from 1 to 7, as shown in table 1.
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DISCUSSION

In this study we provide normative data for a spoken fluency test for Dutch 
ALS patients based on a large dataset. Verbal fluency index (VFI) scores in the 
present study correlated to the level of education, with better performance in 
higher educated subjects, which is similar to conventional fluency tests, that are 
not corrected for motor slowness. Fluency performance on conventional tests 
increases until 30-39 years of age with only a mild decline after the age of 70.6 
We did not find age-related differences on VFI performance in our volunteer 
cohort. The majority of the volunteers were between 40 and 70 years of age, 
which might explain the absence of an age effect in this cohort.

Data collection for the written version of the VFI is in progress and a preliminary 
analysis of 34 participants showed an effect of education on VFI, comparable 
to the spoken version (data not shown).

A possible drawback of our study is that the test was administered in the home 
setting, where subjects may be easily distracted (e.g. by telephone). However, 
this setting could also be an advantage, as cognitive testing in ALS patients is 
frequently performed at home to spare them the fatigue of travelling.1

Twenty-two participants were excluded due to a high number of errors on the 
VFI. The errors consisted mainly of rule-breaks, i.e. ‘door’ followed by ‘doors’. 
These participants did not show evidence of frontal lobe dysfunction on the 
FAB and did not differ from the included participants on demographic variables. 
Therefore, we assume that for these participants the instructions of the VFI 
have not been sufficiently clear. An exploratory regression analysis including 
these 22 participants did not change the regression coefficients.

Currently available English norm scores of the VFI for ALS patients are not 
corrected for education or age. They are based on a cut-off of 2 standard 
deviations below the mean of the scores of 20 healthy controls, who had a 
relatively high level of education, compared to the ALS patients.8 Importantly, 
the present study is based on 273 subjects with a wide range of age and 
educational levels, comparable to a Dutch ALS population. Therefore, our 
normative data and z-score transformation formula can be used to further 
improve the assessment of letter fluency deficits in ALS patients.3, 5 According 
to the consensus criteria for cognitive impairment in ALS, a score below the 
5th percentile is considered abnormal, which corresponds to a z-score below 
-1.64.18

These normative data might be used internationally as the letter “D” in Dutch 
was chosen following a strategy similar to that used for the COWAT test and 
the classification of educational levels is comparable to the ISCED 2011.11, 14 We 
recommend validation of our findings in other countries.
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ABSTRACT

Cognitive and behavioural impairment in amyotrophic lateral sclerosis (ALS) 
negatively influence quality of life and survival, and therefore screening for 
these impairments is recommended. We developed a cognitive screening 
tool, the amyotrophic lateral sclerosis – frontotemporal dementia – cognitive 
screen (ALS-FTD-Cog) and aimed to validate it in patients with ALS. During the 
current study the Edinburgh cognitive and behavioural ALS screen (ECAS) was 
published and we therefore decided to compare these two cognitive screening 
methods.

The ALS-FTD-Cog was administered to 72 patients with ALS, 21 patients with 
behavioural variant FTD (bvFTD) and 34 healthy controls. Twenty-nine patients 
with ALS underwent the ECAS. ROC curve analyses were performed and 
sensitivity and specificity of the ALS-FTD-Cog and ECAS were calculated, with 
a neuropsychological examination (NPE) as gold standard.

Cognitive impairment was present in 28% of patients with ALS. ROC curve 
analyses of the ALS-FTD-Cog and ECAS showed an area under the curve (AUC) 
of 0.72 (95% CI 0.58-0.86) and 0.95 (95% CI 0.86-1.03), respectively. Compared to 
a full NPE sensitivity and specificity of the ALS-FTD-Cog were 65.0% and 63.5% 
and of the ECAS 83.3% and 91.3%, respectively. The sensitivity and specificity of 
the ALS-FTD-Cog in patients with bvFTD were 94.4% and 100%, respectively.

Test characteristics of the ALS-FTD-Cog were moderate, suggesting restricted 
practical value, as compared to a comprehensive NPE. The ECAS had an 
excellent AUC and high sensitivity and specificity, indicating that it is a valid 
screening instrument for cognitive impairment in ALS.

INTRODUCTION

Cognitive impairment is present in 30-50% of patients with amyotrophic 
lateral sclerosis (ALS) and negatively influences survival and quality of life.1-4 
Investigation of cognition, in addition to behaviour, is therefore recommended 
in patients diagnosed with ALS.5, 6

The gold standard for measuring cognitive impairment is a full 
neuropsychological examination (NPE), which should be adapted to avoid bias 
due to impaired dexterity and speech.5 An NPE is often a time consuming 
procedure, which might be a burden for the patient and not readably available 
in every neuromuscular clinic. Therefore, a concise screening tool could be 
useful. Currently, there are multiple cognitive screening tools available, but at 
the start of our study, only the ALS cognitive behavioral screen (ALS-CBS) and 
the Penn State Screening examination of Frontal and Temporal dysfunction 
Syndromes (PSSFTS) were published.7-11 These screens are concise, with an 
administration time of 5 to 10 minutes.12 However, not all cognitive domains 
known to be affected in ALS are included in these screens, i.e. tests of social 
cognition are lacking.13

The aim of the current study was to investigate the clinical validity of a new 
cognitive screening tool, the ALS - frontotemporal dementia - cognitive screen 
(ALS-FTD-Cog), which aims to cover the complete cognitive profile of ALS.13 
It consists of four frequently used cognitive tests. We hypothesized that 
the sensitivity of the screen would be high, as these tests have previously 
been demonstrated to show impairment in ALS patients. Furthermore, we 
expected the screen to be feasible in patients with ALS and widely applicable 
as the individual tests of the screen are not hampered by physical or speech 
impairment and normative data are available.13-16

During our study, the Edinburgh cognitive and behavioural ALS screen (ECAS) 
was published, which has become a widely used screening tool for cognitive 
impairment in ALS.9 We therefore compared test characteristics of the ALS-
FTD-Cog and ECAS in a subset of our study sample.

METHODS

Participants
Patients with ALS were recruited from our tertiary referral centres (Amsterdam 
University Medical Centers and University Medical Center Utrecht) in the 
Netherlands. All patients (sporadic or familial) had a diagnosis of probable 
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or definite ALS17, a symptom duration of less than 12 months and an upright 
forced vital capacity of >70%, as described previously.18 We also included a 
positive control group of (sporadic or familial) patients with behavioural variant 
FTD (bvFTD)19 with or without ALS from our tertiary referral centre (Alzheimer 
Centre, Amsterdam University Medical Centers). A negative control group 
consisted of healthy controls without a history of neurological or psychiatric 
disease, who were approached through social media. All participants had to 
be older than 18 years, had to have a reliable informant and had to be fluent 
in Dutch.

The local medical ethical committees of the participating hospitals approved 
the study. Written informed consent was obtained from all participants. This 
study was performed in agreement with the Declaration of Helsinki.

Procedures

The ALS-FTD-Cog
The ALS-FTD-Cog is a screening tool which consists of the Faux pas test (FPT, 
social cognition), Rivermead behavioural memory test – story recall (RBMT, 
verbal memory), letter fluency index (LFI, executive function) and the Boston 
naming test (BNT, language).13 All tests have validated norm scores, adjusted 
for age and education. The RBMT, LFI and BNT have previously shown to be 
impaired in ALS patients.14-16 Social cognition deficits have more recently been 
recognized in ALS.20, 21 A recent meta-analysis showed comparable effect sizes 
for tests of theory of mind and facial emotion recognition, suggesting that both 
concepts of social cognition are impaired in patients with ALS.22 The ALS-FTD-
Cog was administered during a home visit by a trained member of the research 
team, in a quiet room without distractions.

Neuropsychological examination
A full neuropsychological examination was performed in the outpatient clinic in 
all participants, as described previously, within 4 weeks from the administration 
of the screen.18 Cognitive tests were chosen that were not hampered by motor 
or speech disabilities, or adaptations were made (see supplemental material). 
Alternate forms of the BNT, LFI and RBMT were used in the neuropsychological 
examination and the ALS-FTD-Cog. Test scores were considered abnormal 
when below the 5th percentile, demographically corrected. Cognitive 
impairment was defined according to the Strong criteria.5 Therefore, only tests 
of fluency, language, executive functions and social cognition were taken into 
consideration. Participants were considered to be cognitively impaired when 
they had impaired letter fluency, or impairment on at least two non-overlapping 
executive functions tests or two non-overlapping language tests.5

ECAS
A subset of patients with ALS, diagnosed at the outpatient neurology clinic 
of the University Medical Center Utrecht, underwent the ECAS within three 
months of the administration of the ALS-FTD-Cog. The ECAS was administered 
by a trained member of the research team. The ECAS (13 items) consists of 
an ALS specific and ALS non-specific part. The ALS specific part consists of 
tests of language, fluency and executive functions. The ALS non-specific part 
consists of tests of memory and visuospatial functions. The two parts combined 
produce an ECAS total score. The ECAS was considered abnormal when below 
predefined cut-off values (ECAS total score ≤105 points and ECAS ALS specific 
score ≤77 points).9

Other measures
Behavioural impairment was assessed in all participants with the ALS-FTD-
Questionnaire (ALS-FTD-Q) and the Motor Neuron Disease Behaviour scale 
(MiND-B).23, 24 Disease severity and respiratory function were measured in ALS 
patients with the ALS functional rating scale – revised (ALSFRS-R) and forced 
vital capacity (FVC), respectively.25 Affective symptoms were measured with 
the Hospital Anxiety and Depression Scale (HADS) in all participants.26 For a 
detailed description of all measures, see supplemental material.

Clinimetric evaluation of the ALS-FTD-Cog
The gold standard for cognitive impairment was the neuropsychological 
examination. Cognitive impairment was defined as impaired letter fluency and/
or impairment on at least two non-overlapping executive functions tests and/
or two non-overlapping language tests, according to the Strong criteria.5

Tentative cut-off scores of the ALS-FTD-Cog were investigated by two means 
in patients with ALS:

1. The ALS-FTD-Cog was considered abnormal when ≥ 1 test was below the 5th 
percentile, demographically corrected. The sensitivity and specificity were 
calculated, as compared to the neuropsychological examination.

2. A ROC curve analysis was performed for the ALS-FTD-Cog mean T-score 
(mean of T-scores of all four items). Youden’s J statistic was used to determine 
the optimal cut-off value.

For comparison, the sensitivity and specificity of the ECAS were calculated in a 
subset of patients with ALS, using cut-off scores as described above.9

Sensitivity and specificity of the ALS-FTD-Cog were also calculated in the bvFTD 
and healthy control group. We expected to find a high percentage of cognitive 
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impairment in the patients with bvFTD and a low percentage in the healthy 
control group.

We also assessed associations of the ALS-FTD-Cog with other measures. 
We therefore calculated correlations of the ALS-FTD-Cog with measures of 
cognition (NPE total score; i.e. the sum of T-scores of all items, the ECAS total 
score and the ECAS ALS specific score), behaviour (ALS-FTD-Q and MiND-B), 
physical impairment (ALSFRS-R and FVC) and affective symptoms (HADS).

Statistical analysis
The sensitivity and specificity of the ALS-FTD-Cog, ECAS total score and 
ECAS ALS specific score were calculated by means of contingency tables. 
Furthermore, ROC curve analyses were performed of the ALS-FTD-Cog mean 
T-score, the ECAS total score and ECAS ALS specific score, and Youden’s J 
statistic was calculated. The correlations between cognitive (ALS-FTD-Cog 
(mean T-score), NPE (total T-score), ECAS total score and ECAS ALS specific 
score), behavioural (ALS-FTD-Q and MiND-B) and other measures (ALSFRS-R, 
FVC, HADS anxiety and HADS depression) were expressed as Spearman rank 
correlation coefficients (rs). Multiple imputation was performed with iterative 
Markov chain Monte Carlo method for missing neuropsychological test results 
(30/1524 data points (2.0%). Statistical significance level was set at p=0.05. 
Analyses were performed in PASW statistics, version 26 (SPSS).

RESULTS

Participants
We included 72 ALS patients, 21 bvFTD patients (of whom 5 had concurrent 
ALS) and 34 healthy controls (table 1 and supplemental material). A subset of 
29 ALS patients (40.3%) had been administered the ECAS.

Cognitive test results
Twenty ALS patients (27.8%) had cognitive impairment, based on the NPE and 
the Strong criteria, mostly in the social cognition (n=20) and executive functions 
(n=12) domains (supplemental material).

Thirty-two ALS patients (44.4%) were impaired on one (n=23) or more (n=9) 
tests of the ALS-FTD-Cog (supplemental material). The faux-pas test (social 
cognition) was most frequently impaired (n=28).

Table 1. Participant characteristics

ALS bvFTD HC

Total (n=72) ECAS sample 
(n=29/72)

(n=21) (n=34)

Age 62.6 (10.0)* 62.0 (8.7) 64.6 (10.0)* 58.4 (10.1)

Sex (m/f) 50/22* 20/9* 17/4* 14/20

Education (years) 14.0 (3.0) 14.2 (2.6) 14.5 (2.2) 14.9 (1.9)

Disease duration (mo) 9.0 (4-16) 9.0 (5-13) 29.0 (9-166) n/a

Site of onset (l/b/lb) 48/22/2 21/6/2 n/a n/a

ALSFRS-R 40.0 (28-47) 40.0 (30-47) n/a n/a

FVC (%pred) 92.5 (15.8) 93.8 (15.3) n/a n/a

HADS anxiety 4.0 (0-13)* 4.0 (0-12) 5.0 (0-12) 3.0 (0-7)

HADS depression 2.0 (0-11)* 2.0 (0-10) 3.0 (0-8)* 0.5 (0-8)

C9orf72 mutation 4^ 2^ 3^ n/a

Survival (mo) 25.5 (7-67)^^ 27.0 (15-67) n/a n/a

ALS-FTD-Q 13.3 (10.3)** 9.3 (7.4) 43.8 (12.7)** 6.4 (6.8)

MiND-B# 34.3 (3.0)* 35.0 (1.5)* 26.4 (6.3)** 35.7 (0,8)

Legend. Data are presented as mean (SD) or median (range), when appropriate. Mo: months; l: 
limb onset; b: bulbar onset; lb: both limb and bulbar onset; ALSFRS-R: ALS functional rating scale 
– revised; FVC (%pred): forced vital capacity, percentage of predicted value; n/a: not applicable. 
Statistical differences were examined between each of the patient groups and HC. *p<0.05; 
**p<0.001; ^C9orf72 mutation status was missing in 11 patients (total cohort), 2 patients (ECAS 
cohort) and 8 bvFTD patients. ^^To date (checked on 22 November 2020) 66 ALS patients are 
deceased. #ALS N=57, HC N=26, FTD N=19. The participants who were administered the ECAS 
were patients who visited the outpatient clinic of the University Medical Center Utrecht, and 
therefore can be considered a random (geographic) sample. The mean interval between the 
administration of the ALS-FTD-Cog and ECAS was 41 days (SD 25). A part of the current cohort 
has been published previously.18

Respectively nine and seven patients with ALS (out of 29, 31.0% and 24.1%) 
had an abnormal ECAS total score and ECAS ALS specific score. Five of these 
patients had cognitive impairment on the neuropsychological examination.

Eighteen patients with (ALS-)bvFTD (86%) had cognitive impairment based on 
the neuropsychological examination, mostly in the domains social cognition 
(n=18), executive functions (n=18) and verbal memory (n=15). Seventeen of 
these patients had an abnormal ALS-FTD-Cog. One healthy control (2.9%) had 
cognitive impairment based on the neuropsychological examination, in the 
domains social cognition and executive functions.
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According to the ALS-FTD-Q, ten patients with ALS (13.9%) had mild behavioural 
impairment and six patients (8.3%) fulfilled criteria for bvFTD.19 Twelve patients 
(out of 57, 21.1%) had behavioural impairment according to the MIND-B.24

Test characteristics of the ALS-FTD-Cog
The median administration time in ALS patients was 40 minutes (range 28-61). 
The scores on the subtests of the ALS-FTD-Cog are shown in the supplemental 
material for all participant groups.

Sensitivity and specificity
When ≥1 impaired test of the ALS-FTD-Cog was considered abnormal, the 
sensitivity and specificity in ALS patients using the NPE as gold standard were 
65.0% and 63.5%, respectively (supplemental material). The sensitivity and 
specificity in (ALS-)bvFTD patients were 94.4% and 100%, respectively.

The ROC curve analysis of the ALS-FTD-Cog mean T-score showed an AUC of 
0.72 (95% CI 0.58-0.86), with a Youden’s J statistic of 0.4. The optimal cut-off 
value was 46.9, with a corresponding sensitivity of 65% and specificity of 75% 
(table 2).

The sensitivity of both the ECAS total score and ECAS ALS specific score was 
83.3% in ALS patients, using the NPE as gold standard. The specificity of 
the ECAS total and ALS specific score in ALS patients was 82.6% and 91.3%, 
respectively (supplemental material). The ROC curve analyses of the ECAS total 
score and ECAS ALS specific score showed an AUC of 0.90 (95% CI 0.78-1.01) 
and 0.95 (95% CI 0.86-1.03), respectively, with a Youden’s J statistic of 0.83 and 
0.78, respectively (table 2).

Table 2. ROC curve analysis and Youden’s J statistic of the ALS-FTD-Cog and ECAS

ALS (n=74) ALS (n=29) bvFTD (n=21) HC (n=34)

ALS-FTD-Cog 
mean T-score

AUC
Youden’s J

0.72 (0.58-0.86)
0.4

0.60 (0.30-0.90)
0.33

0.78 (0.56-0.99)
0.61

0.61 (0.44-0.77)
0.61

ECAS total AUC
Youden’s J

n/a
n/a

0.90 (0.78-1.01)
0.83

n/a
n/a

n/a
n/a

ECAS ALS 
specific

AUC
Youden’s J

n/a
n/a

0.95 (0.86-1.03)
0.78

n/a
n/a

n/a
n/a

Legend. ALS-FTD-Cog: amyotrophic lateral sclerosis – frontotemporal dementia – cognitive screen; 
ECAS: Edinburgh cognitive and behavioural ALS screen; ALS: amyotrophic laterals sclerosis; bvFTD: 
behavioural variant frontotemporal dementia; HC: healthy controls; AUC: area under the curve. 
Youden’s J statistic is calculated with the formula sensitivity + specificity – 1.

Associations of ALS-FTD-Cog with measures of cognition, behaviour, 
physical impairment and affective symptoms
The correlation of the ALS-FTD-Cog scores with the NPE was moderate (rs 0.54, 
p<0.001) and weak with the ECAS total score and ECAS ALS specific score 
(rs 0.34, p=0.08 and rs 0.25, p=0.2, respectively. The correlation of the NPE 
with the ECAS total score and ALS specific score was moderate (rs 0.51 and rs 
0.49, respectively, p<0.01). Correlations of the ALS-FTD-Cog scores with the 
ALS-FTD-Q, ALSFRS-R, FVC, HADS anxiety and HADS depression were weak 
(supplementary material).

DISCUSSION

We investigated the clinical validity of a new cognitive screening tool, the ALS-
FTD-Cog in a cohort of ALS patients with a short disease duration (symptom 
onset <12 months) with a prevalence of cognitive impairment of nearly 30%, 
which is comparable to large population based cohort studies.27, 28 The 
sensitivity and specificity of the ALS-FTD-Cog in ALS patients were moderate 
and do not justify its use in clinical practice. The sensitivity and specificity 
of the ALS-FTD-Cog in bvFTD patients were high, indicating that the screen 
detects cognitive impairment as seen in bvFTD. In a subset of 29 patients, 
a high sensitivity and specificity of another, widely used cognitive screening 
instrument, the ECAS, was found.

Screening for cognitive impairment
A screening test should be easy to administer and score, widely applicable, 
time-efficient with a high sensitivity to select patients who may need further 
testing, and a high specificity to preclude unnecessary further testing. The 
ALS-FTD-Cog is easy to administer although basic training in administering and 
scoring of cognitive tests is needed. The ALS-FTD-Cog is widely applicable as it 
is composed of internationally validated tests with available normative data. The 
administration time is quite long (40 minutes) which is similar to the ECAS.12

However, the moderate sensitivity of the ALS-FTD-Cog (65%) indicates that it 
is less suitable as a screening tool. This could be caused by multiple factors. 
First, we might have included the wrong tests in the screen. The faux pas 
test, a measure of theory of mind, proved difficult to interpret for both the 
participant and the administrator. In our study most participants, including 
healthy controls, had problems attributing only one emotion to the situation at 
hand. This led to a high number of abnormal empathy scores. When we would 
have excluded the empathy score from the screen and only consider the faux 
pas total score, this would have resulted in a decrease of the sensitivity. A recent 
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study of social cognition in bvFTD and other neurodegenerative and psychiatric 
disorders found that the faux pas test does not differentiate bvFTD patients 
from the other participant groups. However, the Ekman 60 faces test, which was 
included in our NPE, but not in the screen, showed a high discriminating rate 
in a previous study.29 The discriminating rate of the Ekman 60 faces test was 
also shown in a meta-analysis, comparing patients with bvFTD to patients with 
Alzheimer’s disease and healthy controls.30 In ALS, especially the recognition 
of disgust and surprise seems impaired.22

Another test that may have caused a limited sensitivity of our screen is the 
Rivermead behavioural memory test (RBMT). The current consensus criteria for 
cognitive impairment in ALS do not include memory impairment.5 Our selection 
of tests was based on our meta-analysis of the cognitive profile of ALS that 
showed a large effect size for verbal memory impairment and evidence from 
multiple imaging and pathological studies showing hippocampal involvement 
in ALS.13, 31-34 In the current study, the RBMT was abnormal in 8 patients (11.1%), 
of whom 7 also had abnormal tests in the executive domain, which reflects the 
low prevalence of isolated memory impairment in ALS.28 Thus, the RBMT had 
limited added value for the detection of cognitive impairment in ALS, although 
it increases the internal consistency of the screen.

Second, the moderate clinimetric properties of the ALS-FTD-Cog might 
be related to the inclusion of a limited number of tests. We included four 
complete neuropsychological tests in the ALS-FTD-Cog, instead of a higher 
number of separate items of (sub)tests, hypothesizing that the availability of 
demographically corrected normative data would result in feasibility (no need to 
generate new normative scores) and a high sensitivity. In comparison, the ECAS 
includes separate items of 13 neuropsychological tests.9 This approach leads 
to the investigation of different facets of multiple cognitive domains, of which 
the potential benefit, i.e. a higher sensitivity, has been suggested previously.12 
However, the scoring of such a screening tool is not based on established 
normative data and the weight of the scores of the different tests is seemingly 
random. The reported sensitivity and specificity of the ECAS range between 
50-100% and 80-95%, respectively.12, 35-37 In our small study population, the 
previously reported high sensitivity of the ECAS was confirmed when using the 
original cut-off values. In combination with previous studies which have shown 
good clinimetric properties of the ECAS our results indicate that the ECAS is a 
valid screening instrument for cognitive impairment in ALS.

Limitations
Less than half of the ALS patients were administered the ECAS (40.3%), because 
it was not yet published at the beginning of our study. Also, a small minority 

of participants had missing data on the neuropsychological examination for 
which multiple imputation was used.

CONCLUSION

The ALS-FTD-Cog had a moderate sensitivity and specificity in our cohort 
of patients with ALS, when compared to the gold standard and we do not 
recommend its clinical use in patients with ALS, although the clinimetric 
properties in bvFTD patients are excellent. Regarding the ECAS, we were 
able to corroborate a previously reported high sensitivity and specificity in a 
small subset of patients, indicating that it is a valid screening tool for cognitive 
impairment in ALS.
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SUPPLEMENTAL MATERIAL

Table 1. Neuropsychological examination

Order Cognitive test Cognitive domain Items (N) Parallel 
version

1 Dutch adult reading test (DART) Verbal IQ 50 No

2 Benton temporal orientation test 
(BTOT)

Global cognition 5 No

3 Anti-saccade test Executive functions 20 No

4 Similarities (subtest of WAIS-IV) Language 19 No

5 Boston naming test (BNT) Language 20 Yes

6 Judgment of line orientation ( JOLO) Visuospatial 
functions

30 No

7 Letter fluency index Executive functions n/a Yes

8 Category fluency (animals, 
occupation, supermarket)

Executive functions n/a No

9 Visual association test Visual memory 12 or 24 No

10 Rey auditory verbal learning test 
(RAVLT)

Verbal memory 7 Yes

11 Letter Number sequencing Attention 10 No

12 Rivermead behavioral memory test 
(RBMT)

Verbal memory 2 Yes

13 Ekman 60 faces test Social cognition 60 No

14 Wisconsin card sorting test (WCST) Executive functions n/a No

Legend. The neuropsychological test protocol was always performed in this order. Breaks were 
given when needed. For the determination of cognitive impairment, the following tests were used: 
anti-saccade test, similarities, Boston naming test, letter fluency index, category fluency, letter 
number sequencing, Ekman 60 faces test and the Wisconsin card sorting test.

Other measures
For all participants the proxy filled out the ALS-FTD-Questionnaire (ALS-FTD-Q) 
and the Motor neuron disease behaviour scale (MiND-B), two disease specific 
and validated questionnaires for behavioural changes in ALS.1, 2 A score between 
22 and 28 on the ALS-FTD-Q (maximum score 100) indicates mild behavioural 
impairment, a score of ≥29 indicates severe behavioural impairment, consistent 
with bvFTD. A score below 34 on the MiND-B (maximum score 36) indicates 
behavioural impairment (without a distinction of mild and severe impairment). 
Disease severity was measured in ALS patients with the ALS functional rating 
scale – revised (ALSFRS-R, score ranges from 0 to 48; a higher score indicates 
less impairment).3 Respiratory function was assessed with the upright forced 
vital capacity (FVC) in ALS patients. Symptoms of anxiety and depression 
were measured with the Hospital Anxiety and Depression Scale (HADS) in 
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all participants. One item (‘I feel slowed down’) was excluded, as described 
previously (score ranges from 0 to 39; a higher score indicates more anxiety/
depression).1, 4
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Figure 1. Flowchart of participant selection

Legend. ALS: amyotrophic lateral sclerosis patients; bvFTD: behavioural variant frontotemporal 
dementia patients. This group also included 5 ALS-bvFTD patients; HC: healthy controls; ECAS: 
Edinburgh cognitive and behavioral ALS screen. *Healthy controls were approached through 
social media platforms. **Reasons to decline participation were fatigue (n=11), lack of interest 
(n=10) and fast progression of motor impairment (n=5).

Table 2. Demographically corrected scores on the ALS-FTD-Cog per participant category

ALS (N=72) bvFTD (N=21) HC (N=34)

Faux pas test
 Total score
 Empathy score

48.5 (15.3)
34.2 (15.5)*

26.0 (20.8)**
12.3 (12.5)**

46.5 (8.4)
41.6 (13.2)

RBMT
 Immediate
 Delayed - corrected

46.5 (8.4)
47.2 (11.2)

28.1 (11.6)**
26.3 (26.8)**

49.0 (9.8)
49.2 (9.3)

LFI 43.7 (6.4)* 14.9 (60.7)** 40.4 (3.2)

BNT 48.6 (9.5) 35.8 (12.8)** 49.6 (7.8)

Legend. Scores of the neuropsychological tests are T-scores, shown as mean (SD). RBMT: 
Rivermead behavioural memory test – story recall; immediate: immediate recall; delayed – 
corrected: delayed recall, corrected for immediate recall score; LFI: letter fluency index; BNT: 
Boston naming test. Differences were examined between ALS and HC, bvFTD and HC and ALS 
and bvFTD. *p<0.05; **p<0.001. All test scores differed significantly between ALS and bvFTD 
and bvFTD and HC.

Figure 2. ROC curve analysis of the ALS-FTD-Cog and ECAS in 29 patients with ALS
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Table 3a. Contingency table of ALS-FTD-Cog in ALS patients, compared to the neuropsychological 
examination

NPE + NPE – N

ALS-FTD-Cog + 13 19 32

ALS-FTD-Cog – 7 33 40

N 20 52 72

Legend. ALS-FTD-Cog: ALS – FTD cognitive screen; NPE: neuropsychological examination; –: 
normal test results; +: abnormal test results. When only the total score of the faux pas test 
(instead of the empathy score) was taken into consideration, the number of patients with a normal 
ALS-FTD-Cog increased to 55, with a sensitivity and specificity of 50% and 86.5%, respectively, 
compared to the neuropsychological examination. Youden’s J statistic = 0.29.

Table 3b. Contingency table of ECAS total score in ALS patients, compared to the neuro-
psychological examination

NPE + NPE – N

ECAS total + 5 4 9

ECAS total – 1 19 20

N 6 23 29

Legend. ECAS: Edinburgh cognitive and behavioural ALS screen; NPE: neuropsychological 
examination; –: normal test results; +: abnormal test results. Youden’s J statistic = 0.66.

Table 3c. Contingency table of ECAS ALS specific score in ALS patients, compared to the neuro-
psychological examination

NPE + NPE – N

ECAS ALS specific + 5 2 7

ECAS ALS specific – 1 21 22

N 6 23 29

Legend. ECAS: Edinburgh cognitive and behavioural ALS screen; NPE: neuropsychological 
examination; –: normal test results; +: abnormal test results. Youden’s J statistic = 0.75.

Table 4. Spearman rank correlation coefficients of all cognitive measures in ALS patients

ALS-FTD-Cog ECAS
Total

ECAS
ALS specific

ECAS
not specific

NPE 0.55** 0.51** 0.49** 0.49**

ALS-FTD-Cog - 0.34 0.25 0.46*

Legend. Correlations are expressed as Spearman rank correlation coefficients (rs). NPE: 
neuropsychological examination (sum of T-scores); ALS-FTD-Cog: ALS-FTD cognitive screen 
(mean T-score); ECAS: Edinburgh cognitive and behavioural ALS screen. *p< 0.05, **p< 0.01

Table 5. Spearman rank correlation coefficients of ALS-FTD-Cog with other measures in ALS 
patients

ALS-
FTD-Q

MiND-B ALSFRS-R FVC HADS
anxiety

HADS 
depression

ALS-FTD-Cog -0.32* 0.18 0.02 0.11 -0.15 -0.19

Legend. Correlations are expressed as Spearman rank correlation coefficients (rs). ALS-FTD-
Cog: ALS-FTD cognitive screen (mean T-score); ALS-FTD-Q: amyotrophic lateral sclerosis 
– frontotemporal dementia – questionnaire; MiND-B: Motor neuron disease – behavioural 
questionnaire; ALSFRS-R: ALS functional rating scale – revised; FVC: forced vital capacity; HADS: 
hospital anxiety and depression scale. *p< 0.01

Table 6. ALS patients (n=29) impaired on subtests of the ECAS and ALS-FTD-Cog

Cognitive domain Impaired on ECAS (%) Impaired on ALS-FTD-Cog (%)

Language 14 (48.3%) 1 (3.4%)

Fluency 2 (6.9%) 1 (3.4%)

Executive functions 9 (31.0%) 11 (37.9%)*

Memory 4 (13.8%) 5 (17.2%)

Visuospatial 4 (13.8%) n/a

ALS specific score 7 (24.1%) n/a

Total score 9 (31.0%) n/a

Legend. ECAS: Edinburgh cognitive and behavioural ALS screen; ALS-FTD-Cog: ALS-FTD-cognitive 
screen. *The faux pas test is a measure of social cognition, which is a part of the executive 
functions domain in the ECAS.
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ABSTRACT

Objective
The assessment of behavioural disturbances in amyotrophic lateral sclerosis 
(ALS) is important because of the overlap with the behavioural variant of 
frontotemporal dementia (ALS-bvFTD). Motor symptoms and dysarthria are not 
taken into account in currently used behavioural questionnaires. We examined 
the clinimetric properties of a new behavioural questionnaire for patients with 
ALS (Amyotrophic Lateral Sclerosis-Frontotemporal Dementia–Questionnaire 
[ALS-FTD-Q]).

Methods
In addition to other clinimetric properties, we examined reliability, clinical 
validity, and construct validity of the ALS-FTD-Q, using data from patients 
with ALS (n = 103), ALS-bvFTD (n = 10), bvFTD (n = 25), muscle disease control 
subjects (n = 39), and control subjects (n = 31). Construct validity of the 
ALS-FTD-Q was assessed using the Frontal Systems Behavior scale (FrSBe), 
Frontal Behavioral Inventory (FBI), Hospital Anxiety and Depression Scale, ALS 
Functional Rating Scale - Revised, Frontal Assessment Battery, Mini-Mental 
State Examination, and a fluency index. In addition, the point prevalence of 
behavioural disturbances according to the ALSFTD-Q was compared with those 
obtained with the FrSBe and FBI.

Results
The internal consistency of the ALS-FTD-Q was good (Cronbach α = 0.92). The 
ALS-FTD-Q showed construct validity because it correlated highly with other 
behavioural measures (r = 0.80 and 0.79), moderately with measures of frontal 
functions and global cognitive functioning (r = 0.37; r = 0.32), and poorly with 
anxiety/depression and motor impairment (r = 0.18 for both). The ALS-FTD-Q 
discriminated between patients with ALS-bvFTD, patients with ALS, and control 
subjects. The point prevalence of behavioural disturbances in patients with ALS 
measured with the ALS-FTD-Q was lower than that for the FrSBe and FBI.

Conclusion
The ALS-FTD-Q is a feasible and clinimetrically validated instrument for the 
screening of behavioural disturbances in ALS.

INTRODUCTION

The frontotemporal brain regions are affected in a proportion of patients with 
amyotrophic lateral sclerosis (ALS).1-3 Clinically, this may lead to the behavioural 
variant of frontotemporal dementia (bvFTD) (in 5%–10% of patients with ALS), 
mild frontotemporal cognitive deficits (in 32%–45% of patients with ALS), or 
mild behavioural disturbances in patients with ALS.4-8 These nonmotor changes 
in patients with ALS may negatively influence survival and hinder adherence to 
therapeutic interventions and relations with caregivers.9-11

The gold standard for behavioural disturbances is a detailed family interview. 
When this is not feasible, a neuropsychiatric screening instrument is an 
alternative. Importantly, the scoring of items should not be influenced by muscle 
weakness, dysarthria, or pseudobulbar affect, as these may overestimate 
behavioural disturbances in patients with ALS.12

The neuropsychiatric instruments currently available for assessing behaviour 
have not been validated in patients with ALS and contain several items that 
rely on the ability to speak, eat, and move without problems.13-15 To overcome 
these issues, we investigated the clinimetric properties of a new screening tool, 
the Amyotrophic Lateral Sclerosis-Frontotemporal Dementia–Questionnaire 
(ALS-FTD-Q), for the detection of bvFTD and mild behavioural disturbances 
in ALS.

METHODS

Subjects
Five groups of patients were recruited from tertiary referral centres for ALS 
and dementia, all in the Netherlands: 103 patients with ALS (possible, probable, 
or definite ALS according to the El Escorial criteria)16; 10 patients with ALS-
bvFTD who had the diagnosis of ALS-bvFTD by the treating clinician before this 
study, according to the El Escorial16 and Neary criteria17; 25 patients with bvFTD 
without ALS that had been diagnosed before the study, according to the Neary 
criteria17; 39 patients with muscle diseases (muscle controls) (inclusion body 
myositis [n = 10], limb girdle dystrophy 2A [n = 8], oculopharyngeal muscular 
dystrophy [n = 6], Miyoshi myopathy [n = 9], and ALS mimics [n = 6]); and 31 
subjects evaluated at the outpatient neurology clinic for diverging symptoms 
(e.g. sensory symptoms, tremor, and headache) (other controls). These subjects 
had no medical history of muscle disease, CNS disorder, or psychiatric disorder. 
The patients with ALS-bvFTD and bvFTD served as positive controls (n = 35); 
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the patients with muscle diseases and the other controls served as negative 
controls (n = 70).

Only patients with a proxy were included. A proxy can be a partner, parent, 
sibling, adult child, or other caregiver who is able to assess the patient’s 
behaviour. In 1.6% of the patients contacted, absence of a proxy was the reason 
not to participate. Patients and control subjects were excluded if they did not 
speak Dutch fluently or if they had (a history of) a psychiatric disorder or a 
neurologic disease with CNS involvement.

Standard protocol approvals, registrations and patient consents
The local ethics committees of the participating hospitals approved the study. 
Written informed consent was obtained from all subjects.

ALS-FTD-Q
The ALS-FTD-Q (appendix e-1 on the Neurology® website at www.neurology.
org and on www.alsftdq.nl) is an observer report scale aimed at the proxy of a 
patient with ALS. Items for the ALS-FTD-Q were taken from a systematic review 
of neurobehavioural symptoms (i.e. behavioural, cognitive, and psychiatric 
disturbances) in 170 published patients with motor neuron disease and 
bvFTD18, and the item selection was mainly based on the pooled prevalence 
rates of neurobehavioural symptoms in the review. The phrasing of the items 
was adjusted for motor and speech dysfunction. Face validity of the ALS-
FTD-Q is described in appendix e-2. The ALS-FTD-Q has 25 items (including 
3 cognitive items: memory, concentration, and orientation in time), with a 
4-point rating scale; the maximum score of the ALS-FTD-Q is 100. A higher 
score indicates more behavioural disturbances. The time required to complete 
the questionnaire was estimated to be between 5 and 10 minutes.

Procedure
Most patients with ALS were visited at home (n = 97, including 9 patients with 
ALS-bvFTD). The proxy was requested to fill in the ALS-FTD-Q and 2 other 
behavioural scales (for instruments, see below) in a separate room while the 
patient underwent a short battery of tests that assessed cognitive and affective 
functions and functional motor status. Proxies of 16 consecutive patients with 
ALS (including 1 patient with ALS-bvFTD) filled in the ALS-FTD-Q during an 
outpatient clinic visit, separate from the home-visit study.

Proxies of the other patients and control subjects filled in the ALS-FTD-Q at the 
outpatient clinics during a regular visit, in a room separated from the patient.

Instruments used in the home-visit study
The proxy assessed the behaviour of the patient with the ALS-FTD-Q and the 
Frontal Systems Behavior Scale (FrSBe), a 46-item behaviour scale with carer 
ratings of premorbid and postmorbid behaviour in the domains of apathy, 
executive dysfunction, and disinhibition14, and the Frontal Behavioral Inventory 
(FBI), a 24-item scale measuring frontal lobe-mediated behaviour.15

The patient was administered the Mini-Mental State Examination (MMSE)19; 
the Frontal Assessment Battery (FAB), a 6-item instrument measuring frontal 
lobe functions, e.g. conceptualization and perseveration20; letter (D, A, T) and 
category (animals and occupations) fluency, measures of executive function with 
correction for speech/motor dysfunction by calculating a mean thinking time 
per word in seconds (fluency index)12, 21 (written or spoken versions were used, 
depending on disability); the Hospital Anxiety and Depression Scale (HADS), 
a 14-item scale22; and the ALS Functional Rating Scale-Revised (ALSFRS-R), a 
12-item questionnaire for motor dysfunction in ALS.23

Patients in whom impaired manual dexterity precluded performance of the 
“writing a sentence” item of the MMSE were allowed to say the sentence, 
provided their speech was intelligible. For other items that require manual 
dexterity, e.g. “intersecting pentagons” of the MMSE and 5 of the 6 items of 
the FAB, a note was made when these tasks could not be performed. We 
recorded the score obtained and the highest obtainable score. The highest 
obtainable score is the score if all items are done perfectly, leaving out the 
items missed due to motor impairment. Extrapolated scores of the MMSE and 
FAB were used for analyses, according to the formula: extrapolated score = score 
obtained x maximum scale score/highest obtainable score for this patient. A higher 
extrapolated score means a better performance. Disease onset was defined as 
the month when the first sign of muscle weakness (ALS) or behavioural changes 
(bvFTD) was noted. Bulbar involvement was defined as a score ≤11 on the 3 
bulbar items of the ALSFRS-R.

Clinimetric evaluation of ALS-FTD-Q
The following clinimetric properties of the ALS-FTD-Q were studied: reliability 
(both internal consistency and test-retest reliability), construct validity, clinical 
validity, and the presence of a floor and ceiling effect.

Internal consistency refers to the statistical coherence of the scale items and 
can be measured by the Cronbach α coefficient, which is based on the weighted 
average correlation of items within a scale. Internal consistency is considered to 
be good if α ≥ 0.80. We calculated item-total correlations, which represent the 
correlation of a single item with the sum of all other scale items. Correlations ≥ 

7



204 205

The ALS-FTD-QChapter 7

0.30 were considered to be sufficient. Test-retest reliability was investigated in 
a pilot study on the proxies of 17 patients with ALS, including 4 patients with 
ALS-bvFTD (appendix e-2).

Table 1. Demographic and clinical characteristics of the patients with ALS and positive and 
negative control subjects assessed with the ALS-FTD-Q

Positive control subjects Negative control subjects

ALS
(n = 103)

ALS-
bvFTD 
(n=10)

bvFTD 
(n=25)

Muscle 
disease 
(n = 39)

Other 
controls 
(n = 31)

Age, y, mean (SD) 61.4 (11.9) 60.2 (10.4) 63.4 (6.4) 58.7 (13.3) 58.3 (11.7)

Sex, M/F 73/30 7/3 17/8 22/17 15/16

Limb/bulbar onset, n 89/14 4/6

Bulbar involvement, %a 60.2 100 38.5

Disease duration, mo, 
median (range)

33.5 (4-328) 35.5 (0-80) 48 (13-355) 153 (12-519)

ALSFRS-Rb 31.5 (9.2) 32.9 (6.1)

Abbreviations: ALS = amyotrophic lateral sclerosis; ALSFRS-R = ALS Functional Rating Scale – 
Revised; ALS-FTD-Q = Amyotrophic Lateral Sclerosis-Frontotemporal Dementia–Questionnaire; 
bvFTD = behavioural variant of fronototemporal dementia.
a Bulbar involvement was defined as a score ≤11 on the 3 bulbar items of the ALSFRS-R.
b The maximum score of the ALSFRS-R is 48 and indicates no motor dysfunction.

Construct validity was assessed in the group of 97 patients with ALS (including 9 
patients with ALS-bvFTD) who underwent multiple tests at home. We measured 
the extent to which the ALS-FTD-Q correlates with measures that address 
the same concept (i.e. frontal behaviour) and measures that address different 
concepts. We assumed that for the ALS-FTD-Q to be valid, the ALS-FTD-Q 
scores had to show high correlations with the other frontal behaviour scale 
scores (FrSBe and FBI), moderate correlations with frontal lobe functions (FAB 
and fluency) and global cognitive functions (MMSE), and low correlations with 
affective functions (HADS) and motor functions (ALSFRS-R).

A scale demonstrates clinical validity if it discriminates between groups of 
patients with known differences in clinical status (i.e. ALS without bvFTD vs 
bvFTD with or without ALS). Floor and ceiling effects of the ALS-FTD-Q were 
analysed (percentage of patients with a minimum and maximum score).

ALS-FTD-Q vs comparable scales
To explore whether the results of the ALS-FTD-Q differ from scales that 
are currently used in patients with ALS, we compared point prevalences of 
abnormal behaviour assessed with the ALS-FTD-Q (using tentative cut-off 

scores derived from our negative and positive control groups) with those from 
the FrSBe and the FBI (using published cut-off scores). We aimed to compare 
the ALS-FTD-Q scores with scores of the other scales for both mildly and 
severely abnormal behaviour, because a spectrum of behavioural disturbances 
in ALS has been suggested in earlier studies.24, 25 The cut-off of the ALS-FTD-Q 
indicating mild disturbances (below which behaviour is normal) was based on 
the 95th percentile of the 70 negative controls. The cut-off indicating severe 
disturbances (in the bvFTD range) was based on the lowest ALS-FTD-Q score in 
the group of 35 positive control subjects (patents with bvFTD and ALS-bvFTD). 
For the comparison with other scales, for mild disturbances we used the cut-
off score of the FrSBe (t score >65; >1.5 SD above the mean)14, and for severe 
disturbances we used the published cut-off score of the FBI.15 We assessed 
performance on the ALS-FTD-Q in patients with incident and prevalent disease. 
Patients with incident disease were defined as being assessed within 1 year 
from the diagnosis.9

Statistical analysis
Internal consistency of the ALS-FTD-Q scores was expressed as Cronbach α 
coefficient. Item-total correlations and test-retest correlations were expressed 
as Pearson correlation coefficients (r) and intraclass correlation coefficients, 
respectively. Associations between the ALS-FTD-Q scores and the other 
measures were expressed as Spearman rank correlation coefficients (rs). 
Differences between ALS-FTD-Q scores and patient characteristics in relation to 
the various subgroups were analysed using the Mann-Whitney U test, Kruskal-
Wallis test, or X2 test. Statistical significance level was set at p = 0.05. Analyses 
were performed in PASW statistics, version 18 (SPSS).

RESULTS

We included 113 patients with ALS (80 male [70.8%]), 10 of whom were 
diagnosed with ALS-bvFTD before the study. The mean age at examination 
was 61.3 years (SD 11.7), and the median disease duration was 2.8 years (34 
months, range 4 –328 months) (table 1). Ninety-three patients (82.3%) had limb-
onset ALS. Bulbar involvement was present in 72 patients (63.7%). Gender and 
age were not different among any of the groups.

Clinimetrics
The ALS-FTD-Q scores showed substantial internal consistency (Cronbach 
α = 0.92), and 23 of the 25 items showed an item-total score correlation ranging 
between 0.31 and 0.78. Two items (hypersexuality and euphoria) had an item-
total score correlation of 0.20 and 0.26. The test-retest intraclass correlation of 
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the ALS-FTD-Q total score was 0.89 (n = 17; mean time between 2 assessments 
65 days [SD 26.7]) (additional data for the test-retest group are given in 
appendix e-2). Construct validity was shown by high correlations between the 
ALS-FTD-Q and the FrSBe and FBI, moderate correlations with the FAB, fluency, 
and MMSE, and low correlations with the HADS and ALSFRS-R (table 2, figure 
1). There was a floor effect (16 of 208 patients [7.7%] had a minimum score of 
0); no ceiling effect was observed.

With regard to clinical validity, the median ALSFTD-Q score of patients with ALS 
without bvFTD (9, range 0–46) was lower than those for either patients with 
ALS-bvFTD (42, range 30–56) or patients with bvFTD (50, range 29–68) and 
higher than those for the muscle disease control group (6, range 0–24) and the 
other control subjects (5, range 0–20) (figure 2).

Figure 1. Correlations between the ALS-FTD-Q, the Frontal Behavioral Inventory (FBI) (r = 0.79; 
red), and the Frontal Systems Behavior scale (FrSBe) (r = 0.80; blue)

Table 2. Test scores and correlations of the ALS-FTD-Q with other measures of behavioural, 
cognitive, affective, and motor functions in patients with ALS

No. Test score,
median (range)

Correlation with
ALS-FTD-Qa

ALS-FTD-Q 97 11 (0-56)
Frontal behavioural symptoms

 FrSBe 95 56 (34-129) 0.80
 FBI 92 14 (0-39) 0.79

Frontal/executive functions
 FAB 92 16 (3-18) -0.37b,c

 Fluencyd 92 5.6 (1.9-24.3) 0.30
Cognitive functions

 MMSE 97 26.8 (9-30) -0.32b,c

Affective functions
 HADS 85 6 (0-24) 0.18

Motor functions
 ALSFRS-R 97 33.0 (8-47) -0.18b

Abbreviations: ALS = amyotrophic lateral sclerosis; ALSFRS-R = ALS Functional Rating Scale-
Revised; ALS-FTD-Q = Amyotrophic Lateral Sclerosis-Frontotemporal Dementia–Questionnaire; 
FAB = Frontal Assessment Battery; FBI = Frontal Behavioral Inventory; FrSBe = Frontal Systems 
Behavior scale; HADS = Hospital Anxiety and Depression Scale; MMSE = Mini-Mental State 
Examination.
a Correlation values are expressed as Spearman correlation coefficients.
b Negative as higher scores on the FAB, MMSE, and ALSFRS-R indicate better performance.
c Extrapolated scores of the MMSE and FAB were used, corrected for missed items due to motor 
impairment.
d Fluency represents the letter fluency index (correlation coefficient for category fluency 
index = 0.30).
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Figure 2. Boxplot with ALS-FTD-Q scores by diagnosis

ap < 0.0001; bp < 0.05, Mann-Whitney U Test. ALS = amyotrophic lateral sclerosis; ALS-
FTD-Q = Amyotrophic Lateral Sclerosis-Frontotemporal Dementia–Questionnaire; 
bv-FTD = behavioural variant of frontotemporal dementia.

ALS-FTD-Q and comparable scales
Based on our scoring algorithm (Methods section), the ALSFTD-Q cut-off 
indicating mild disturbances was set at ≥22; the cut-off indicating severe 
disturbances (in the bvFTD range) was set at ≥29. In patients without a prior 
diagnosis of bvFTD who had complete data for the 3 behavioural scales (n = 86), 
mild and severe behavioural disturbances were shown in 11 (10.7%) and 7 
patients (6.8%), respectively, with the ALS-FTD-Q. In comparison, according to 
the FrSBe and FBI, 16 patients (18.6%) had mild behavioural disturbances and 
12 patients (14%) had severe behavioural changes. Of the 103 patients who 
were assessed with the ALS-FTD-Q, 27 (26.2%) were assessed within 1 year 
of the diagnosis (patients with incident disease), of whom 4 (14.8%) scored in 
the mild range and 1 in the severe range on the ALS-FTD-Q. The proportion of 
those with mild behavioural disturbances of the patients with incident disease 
was not significantly different from that of patients with prevalent disease (X2 
test; not analysed for severe behavioural disturbances).

DISCUSSION

This study shows the clinimetric properties of a new screening instrument for 
behavioural disturbances, which was constructed to avoid bias due to motor and 
speech impairment in patients with ALS. The ALS-FTD-Q showed substantial 
internal consistency and test-retest reliability and both construct and clinical 
validity. Construct validity was shown by high correlations of the ALS-FTD-Q 
with frontal behavioural scales (same construct), intermediate correlations with 
frontal cognitive functions (related construct), and low correlations with anxiety/ 
depression and motor function (not related constructs). The intermediate 
correlation between fluency and the ALS-FTD-Q in our study is comparable 
to findings by others and shows that the questionnaire measures a construct 
(frontal-mediated behaviour) that is related to fluency, supporting the construct 
validity of the ALS-FTD-Q.26 In addition, clinical validity was shown because the 
ALS-FTD-Q discriminated between patients with a known difference in the 
presence of frontal behavioural disturbances. These good clinimetric properties 
and the easy way of administering the ALS-FTD-Q make it a feasible screening 
instrument in clinical practice as well as for research projects.

The assessment of behavioural changes and especially bvFTD in patients with 
ALS is important in clinical practice because bvFTD hinders adherence to 
therapeutic interventions and may negatively influence survival. In addition, 
bvFTD has a great impact on the relation of patients with ALS with their 
caregivers.9-11

To our knowledge, 3 screening instruments for nonmotor involvement (focusing 
on cognitive functions) have been investigated in patients with ALS.27-29 One 
screen contains 15 questions about behaviour27; 2 other screens included the 
FBI.28, 29 Compared with these screening instruments, the ALS-FTD-Q has 4 
unique advantages. First, behavioural items were selected from a systematic 
review of case descriptions of 170 patients with ALS-bvFTD. Second, the 
phrasing of items was adjusted to take motor and speech dysfunction into 
account. This was done to minimize overestimation of behavioural disturbances 
due to motor impairment. Third, the ALS-FTD-Q has good clinimetric properties 
including internal consistency, construct validity, and clinical validity. Fourth, 
test scores were compared with both negative and positive control groups. 
The point prevalence of severe and mild behavioural disturbances according 
to the ALS-FTD-Q in our patients with ALS without a prior diagnosis of bvFTD is 
lower compared with the FBI (severe) and the FrSBe (mild behavioural changes). 
Our data may suggest that the FrSBe and FBI could overestimate behavioural 
disturbances in patients with ALS (because of bias due to motor symptoms 
and dysarthria). The alternative explanation, i.e. a low sensitivity of the ALS-
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FTD-Q, is less likely for 3 reasons. First, we carefully selected items based on 
a systematic review to capture the full range of neurobehavioural changes 
known to occur in ALS, including delusions (paranoia), hallucinations, apathy, 
and eating disturbances, which were recently found to be prominent in patients 
with bvFTD with ALS.18, 30, 31 Second, our cut-off included all the patients with a 
prior diagnosis of bvFTD and ALS-bvFTD, which implies high sensitivity of the 
ALS-FTD-Q. Third, the point prevalence of 7% severe behavioural disturbances 
in patients with ALS (without a prior diagnosis of bvFTD) in our cohort is in 
agreement with a pooled prevalence of 8% bvFTD in 570 patients with ALS in a 
systematic review of population-based or outpatient clinic based studies using 
family interviews or clinical questionnaires.5, 6, 18

The proportion of patients with mild behavioural changes as assessed with the 
ALS-FTD-Q (11%) is lower than that in other studies (17%–50%).8, 27, 32, 33 Earlier 
studies used instruments that have not been validated for the assessment of 
behavioural changes in ALS and contain items that have not been corrected for 
motor impairment.8, 11 In particular, apathy has been shown to be present in up 
to 50% of patients with ALS.11, 26, 34 However, apathy was studied with the 14-item 
FrSBe apathy subscale, of which 7 items are directly related to speaking and 
moving, which may have led to overestimating motor-related mild behavioural 
changes, e.g. apathy.11, 26, 34

The mild and severe behavioural changes in ALS in the present study have to 
be interpreted in relation to the cut-offs, which have to be further validated, 
and in relation to the study population. We did not perform a receiver operating 
characteristic analysis to define the cut-offs of the ALS-FTD-Q because, for mild 
behavioural disturbances, a gold standard in ALS does not exist (the FrSBe 
could not be used for this purpose as it contains motor and speech-related 
items). For severe behavioural disturbances, we could not use the clinical 
diagnosis of bvFTD as a gold standard because the bvFTD diagnoses were 
made before the study (time between bvFTD diagnosis and assessment ranged 
from 3 to 18 months).

Our study population was largely a prevalence cohort with a relatively long 
disease duration, and 18% of patients had bulbar-onset ALS (compared with 
30% in incidence cohorts).35 The design of this study with more patients with 
prevalent than with incident disease was chosen to examine our questionnaire 
in patients with different disease durations, because previous studies described 
the development of bvFTD in the course of ALS.36, 37

In terms of further validation of the ALS-FTD-Q, the high test-retest correlation 
should be replicated, and the responsiveness (detection of changes over time) 

of the ALSFTD-Q should be explored in depth in a larger sample of patients 
with incident disease. When sufficient data are collected, a factor analysis 
may generate insight into subscales and a subset of items that would suffice, 
which would make the scale even more usable. Compared with a self-report 
instrument, a potential drawback of the ALS-FTD-Q is that it is limited to 
patients with a proxy. However, less than 2% of the patients we contacted did 
not participate because of the absence of a proxy. An important reason to 
choose an observer-report scale in this study is that frontal lobe dysfunction 
may interfere with the patient’s ability to assess his or her own behaviour. The 
ALSFTD-Q is a unique and novel instrument to be used in the clinic for the 
screening of behavioural disturbances in patients with ALS. It is a user-friendly 
tool with validated clinimetric characteristics.
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SUPPLEMENTAL MATERIAL

Amyotrophic Lateral Sclerosis - Frontotemporal Dementia - Question-
naire (ALS-FTD-Q)
The behaviour of your partner, family member or friend will be evaluated in the 
following questionnaire. Wherever, “him” or “his” is stated, it can be replaced 
by “her”. Completing the questionnaire should take approximately 10 minutes 
and ideally should be done in a room separated from the patient. To answer a 
question, check the box with the most appropriate answer. The questionnaire 
consists of two parts; A and B.

Date . . - . . - . . . . Filled out by (e.g. partner, sibling, child) . . . . . . . . . . . . . . . .
Name of the patient . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Date of birth of the patient . . - . . - . . . . Gender of the patient M / F
Highest level of education completed by the patient . . . . . . . . . . . . . . . . . . . . 
 

Part A  The following 13 statements compare the present behaviour of your 
partner to his behaviour three years ago.

Possible answers are the following:
- completely disagree
- largely disagree
- largely agree
- completely agree
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1. Your partner is less interested in his surroundings    
2. Your partner pays less attention to his personal hygiene    
3. Your partner puts himself first more often    
4. Your partner becomes irritated or angry more easily    
5. Your partner’s ability to concentrate has decreased    
6. Your partner’s behaviour is more restless    
7. Your partner displays more withdrawn behaviour    
8. Your partner seems to undertake more aimless activities    
9. Your partner has more problems with memory    
10. Your partner contacts strangers more frequently    
11. Your partner has an increased urge for sex    
(If not applicable; leave unanswered)

Some ALS patients experience compulsive laughter or crying: laughing or crying 
without a logical reason. The following two statements DO NOT describe this
phenomenon; they describe changes in your partner’s emotions in general.
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12. Your partner is emotionally less stable    
13. Your partner is more often extremely cheerful    

Part B  The following 12 statements are about the behaviour of your partner 
during the past month. Please note: some statements describe normal 
behaviour, while others describe abnormal behaviour. Therefore, please read 
the statement carefully prior to answering.

Possible answers are the following:
- Never
- Sometimes
- Often
- Always
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14. Your partner is suspicious    
15. Your partner repeatedly uses the same gestures or sentences    
16. Your partner is shameless    
17. Your partner is aware of his whereabouts    
18. Your partner displays offensive behaviour    
19. Your partner is able to assess situations well    
20. Your partner hoards food or is preoccupied by food    
21. Your partner understands what his disease is about    
22. Your partner sees or hears things that are not there    
23. Your partner displays childish behaviour    
24. Your partner knows which part of the day it is    
25. Your partner imitates you or others    
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Scoring of the ALS-FTD-Q
Items 1-13:
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Value 1 2 3 4

Items 14, 15, 16, 18, 20, 22, 23 and 25:
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Value 1 2 3 4

Items 17, 19, 21 and 24:
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Value 1 2 3 4

ALS-FTD-Q score: 
item scores are summed to calculate the ALS-FTD-Q score.

Cut-off values: 
mild behavioural disturbances ≥ 22
severe behavioural disturbances (in the bvFTD range) ≥ 29
These are tentative cut-off values, pending future validation.

Appendix e-2: Face-validity and clinical and demographic characteristics of 
the test-retest group

Face-validity was examined in a pilot study on 17 ALS patients and their proxies, 
using a semi-structured interview. The interviewee was asked whether the 
scale was user-friendly, comprehensible and not too lengthy, if all behavioral 
problems were covered and if items or their phrasing were felt to be too 
intimate or offensive. According to these interviews no items were missed or 
inappropriate.

Test-retest reliability was investigated in the same group of 17 ALS patients 
including 4 ALS-bvFTD patients: this group consisted of 11 males and 6 females; 
14 had limb-onset ALS and three had bulbar-onset ALS. The mean age was 61.7 
years (SD 12.1) and the median disease duration was 36 months (range 14-179). 
The mean ALSFRS-R score was 27.8 (SD 10.4). The mean time between the two 
assessments was 65 days (SD 26.7). The median ALS-FTD-Q score for these 
patients at t=0 and t=1 was 8 (range 0-56) and 10 (range 1-68), respectively. 
The test-retest intraclass correlation of the ALS-FTD-Q total score was 0.89.

7



 

Course and implications of 
cognitive and behavioural 

impairment



 Progression of cognitive and
behavioural impairment in 

early amyotrophic lateral sclerosis

Emma Beeldman*

Rosanne Govaarts*

Marianne de Visser
Michelle Klein Twennaar

Anneke J. van der Kooi
Leonard H. van den Berg

Jan H. Veldink
Yolande A.L. Pijnenburg

Rob J. de Haan
Ben A. Schmand
Joost Raaphorst

 *Shared first authorship

Journal of Neurology, Neurosurgery and Psychiatry 2020;91:779-80



222 223

Progression of cognitive and behavioural impairmentChapter 8

INTRODUCTION

Whether cognitive and behavioural impairment in ALS is progressive is unknown. 
The majority of longitudinal studies (summarised in supplementary material) 
are characterised by stable test results, high attrition and underrepresentation 
of patients with a short disease duration.1, 2 The aim of this study was to 
determine progression of cognitive and behavioural impairment in patients 
with early symptomatic ALS.

METHODS

At our tertiary ALS clinics, we consecutively recruited patients with ALS with 
a short disease duration (<12 months). Comprehensive neuropsychological 
examination and behavioural assessment were conducted at baseline and at 
6 months. Patients with behavioural variant frontotemporal dementia (bvFTD) 
and healthy controls (HC) served as control groups. We used validated tests to 
correct for motor and speech impairment, for example the verbal fluency index. 
Inclusion and exclusion criteria and neuropsychological tests, including parallel 
versions are listed in supplementary material. Test scores were considered 
abnormal below the 5th percentile, corrected for age and education.3

Patient with ALS were classified according to consensus criteria, as having “no“, 
“mild” or “severe” cognitive impairment. “No“ is determined by ≤ 1 abnormal 
neuropsychological test (letter fluency excluded), “mild” by impaired letter 
fluency or impairment on either two (non-overlapping) executive tests or two 
(non-overlapping) language tests (maximum of 3 abnormal tests); “severe” by 
> 3 abnormal tests (including letter fluency and either two executive or two 
language tests, as described above).3

We used the ALS-FTD-Questionnaire (ALS-FTD-Q) to subdivide patients into 
groups with “no” (< 22 points), “mild” (≥ 22 and < 29 points) or “severe” (≥ 29) 
behavioural impairment based on validated cut-off scores.

We further assessed C9orf72 status, motor function (ALS functional rating 
scale – revised (ALSFRS-R)), respiratory function (forced vital capacity (FVC)) 
and anxiety and depression (hospital anxiety and depression scale (HADS)); 
for detailed descriptions, see supplementary material.

Statistical analysis
Change scores (follow up minus baseline, raw scores) of neuropsychological 
tests and   the ALS-FTD-Q were examined within groups (Wilcoxon signed rank 

test) and between groups (Kruskal-Wallis test; or Mann-Whitney U test, where 
appropriate). Shifts between categories (“no”, “mild”, “severe”) of cognitive and 
behavioural impairment at baseline and follow-up were recorded for each 
patient. We compared change scores of the ALSFRS-R, FVC and HADS between 
patients with ALS with and without category shifts using Kruskal-Wallis test. The 
occurrence of new impairment on cognitive tests at follow-up was evaluated 
for individual participants.

RESULTS

We included 35 patients with ALS with a median disease duration of 8 months 
(range 4-15) and a mean age of 63.8 years (SD 8.4). Twenty-one patients 
with bvFTD (including 5 patients with ALS-bvFTD) and 18 HC were included. 
Groups were matched on age, education and sex (p = 0.4, p = 0.2 and p = 0.3, 
respectively, supplementary material). At baseline 9 patients with ALS (26%) 
had mild cognitive and/or behavioural impairment and another 7 (20%) were 
severely affected. The proportion of patients with bulbar onset or the presence 
of anxiety or depression symptoms did not differ between these groups 
(supplementary material).

Follow-up data were obtained at a mean of 6.1 months (SD 0.1) in 28 patients 
with ALS (80%), 19 patients with bvFTD (91%), and 18 HC (100%). Main reasons 
for loss-to-follow-up were death, fast disease progression and fatigue.

Group level
Change scores for letter and category fluency, verbal memory, executive 
function and social cognition differed between groups, with lower scores in 
patients with ALS and patients with bvFTD compared to HC (supplementary 
material). Change scores did not differ between patients with ALS and patients 
with ALS-bvFTD.

Change scores within groups showed a decline for category fluency in patients 
with ALS, and for category fluency, social cognition and executive function in 
patients with bvFTD. HC had higher scores on letter fluency and verbal memory 
at follow-up.

ALS-FTD-Q change scores differed between patients with ALS and HC, but not 
between bvFTD and HC (supplementary material).
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Individual level - shifts between categories
Ten out of 28 patients with ALS (36%) shifted towards a more severe category 
(from “no” to “mild” or “severe” cognitive and/or behavioural impairment), of 
whom one had a C9orf72 mutation (figure 1). Fifteen patients with ALS (54%) fell 
into the same category at baseline and follow-up. Three patients with ALS (11%) 
shifted from “mild” to “no” cognitive and/or behavioural impairment. Change 
scores of ALSFRS-R, FVC and HADS did not differ between patients with and 
without category shifts (supplementary material).

Cognitive impairment at the individual level was also examined by occurrence 
of new impairment on cognitive tests. Twelve patients with ALS (43%) without 
cognitive impairment at baseline, had one (n=7) or two (n=5) new abnormal 
tests at follow-up, mostly category fluency (n=7), anti-saccade test (n=4) and 
Ekman 60 faces test (n=3). Four patients with ALS with executive dysfunction at 
baseline showed new impairment at follow-up on tests of executive, memory, 
language and visuoperceptive functions. The remaining 12 patients, i.e. 7 
without and 5 with cognitive impairment at baseline, had no new abnormal 
tests at follow-up.

Figure 1. Category shifts among ALS patients at follow-up

Legend. Proportions of patients with ALS (N=28) with no (green), mild (blue) or severe (red and pink) 
cognitive and/or behavioural impairment at baseline (upper bar) and follow-up (lower bar). Severe 
behavioural impairment is compatible with the behavioural variant of frontotemporal dementia. 
Ten patients shifted towards a more severe category: 6 from “no” to “mild” cognitive impairment, 
1 from “no” to “mild” behavioural impairment, 2 from “no” to “severe” behavioural impairment and 
1 from “no” to “mild” cognitive impairment and “severe” behavioural impairment.

DISCUSSION

The findings of a decline of social cognition of patients with ALS and declines 
of executive and verbal memory functions confirm that cognitive dysfunction 

is a widespread feature in ALS, even in early disease.1 It cannot be ascribed to 
physical, respiratory or affective deterioration, since these were comparable 
between cognitively stable and progressive patients. Improvement, probably 
a practice effect, was found in HC on most tests. A lack of practice effects in 
ALS may be an early sign of frontotemporal dysfunction.

Our study adds to existing literature by showing that in patients with early ALS 
behavioural decline may occur, compatible with the development of bvFTD.2 
Consequently, our study shows that the frontotemporal syndrome of ALS is 
not only relevant in the later stages of the disease.

In addition to its strengths (unique cohort, longitudinal design, low attrition), 
our study has some limitations: groups of patients were relatively small and no 
disease specific cognitive screening measure was used.

In conclusion, we found progression of cognitive and/or behavioural impairment 
in more than one third of patients with early ALS. This study may fuel ongoing 
discussions about the inclusion of cognitive and behavioural symptoms in the 
diagnostic criteria of ALS.4, 5
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2. Selection procedure and inclusion and exclusion criteria
We prospectively recruited patients with amyotrophic lateral sclerosis (ALS) 
between September 2013 and December 2016 at tertiary referral centres 
for ALS in The Netherlands (Amsterdam University Medical Centers and 
University Medical Centre Utrecht). For comparison, we recruited a group of 
disease controls, i.e. patients with behavioural variant frontotemporal dementia 
(bvFTD) or ALS-bvFTD, at a tertiary referral centre for dementia (Amsterdam 
University Medical Centers). Healthy controls (HC) were recruited through 
the ALS Foundation Netherlands and participating patients (spouses, family 
members, friends).

This study was performed in agreement with the Declaration of Helsinki. The 
local medical ethical committee approved the study. Written informed consent 
was obtained from all participants at inclusion.

Inclusion and exclusion criteria
Diagnosis in patients with ALS was probable, probable-laboratory supported 
or definite ALS, according to the revised El Escorial criteria.16 Cases could be 
sporadic or familial (with or without a known mutation). Disease duration had 
to be less than 12 months in order to fulfil the criterion “early symptomatic 
ALS” as described previously.17 Disease onset was defined as the time of the 
first ALS-related symptom (bulbar dysfunction or limb muscle weakness). All 
patients had to have an upright forced vital capacity (FVC) > 70%, to avoid 
overestimation of cognitive deficits due to respiratory muscle impairment.18 
Patients with ALS-bvFTD and bvFTD had possible or probable bvFTD, according 
to current criteria.19 They could be sporadic or familial cases and were included 
irrespective of disease duration. Healthy controls had to have no history of 
neurological or psychiatric disease. All participants had to be older than 18 
years, be fluent in Dutch and have a reliable proxy (partner, relative or close 
friend), also fluent in Dutch and willing to fill out questionnaires. We excluded 
participants with other neurological or psychiatric conditions associated with 
cognitive or behavioural impairment, and participants who used high dose of 
psychotropic medication or more than 5 alcohol units per day.

3. Neuropsychological test battery

Order Cognitive test Cognitive domain Items 
(N)

Parallel 
version

1 Dutch adult reading test (DART) Verbal IQ 50 No

2 Benton temporal orientation test 
(BTOT)

Temporal 
orientation

5 No

3 Anti-saccade test Executive functions 20 No

4 Similarities (subtest of WAIS-IV) Language 19 No

5 Boston naming test (BNT) Language 20 Yes

6 Judgment of line orientation ( JOLO) Visuospatial 
functions

30 No

7 Letter fluency index Executive functions n/a Yes

8 Category fluency (animals, occupation, 
supermarket)

Executive functions n/a No

9 Visual association test Visual memory 12 or 
24

No

10 Rey auditory verbal learning test 
(RAVLT)

Verbal memory 7 Yes

11 Letter Number sequencing Attention 10 No

12 Rivermead behavioral memory test 
(RBMT)

Verbal memory 2 Yes

13 Ekman 60 faces test Social cognition 60 No

14 Wisconsin card sorting test (WCST) Executive functions n/a No

Legend. The neuropsychological test protocol was always performed in this order. Responses to 
all tests, except the DART, Ekman 60 faces test and WCST, could be performed in writing, when 
dysarthria was severe. The Ekman 60 faces test and WCST were computerized, but responses 
could be given orally, when hand function was severely impaired. The letter fluency index was 
used to correct for speech impairment; it consists of two conditions, the generation condition 
(the participant is asked to name as many words beginning with a certain letter in one minute, the 
produced words are written down by the examiner) and the control condition (the participant is 
asked to read aloud these produced words as quickly as possible). The fluency index is calculated 
as follows: (time needed for generation - time needed for reading) / total number of items 
generated. The verbal fluency index reflects the average thinking time per word. For the visual 
association test, the neuropsychologist chose the appropriate version (short or long version), 
based on age.

4. Measures of motor function, respiratory function, anxiety and 
depression
The ALS functional rating scale-revised (ALSFRS-R) was administered to patients 
with ALS (score ranges from 0 to 48; a higher score indicates less impairment).20 
FVC in upright position was assessed in ALS, as a measure of respiratory muscle 
weakness (percentage of predicted value, corrected for age, sex and height). 
All participants filled out the hospital anxiety and depression scale (HADS; a 
higher score indicates more anxiety/depression, with a clinical threshold of 7 

8
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on subscales for anxiety and depression. Item 8 “I feel as if I’m slowed down” 
was removed, to avoid bias due to motor impairment.).21

5. Participant and disease characteristics at baseline

ALS
N = 35

BvFTD
N = 21

HC
N = 18

p-value

Age (years) 63.8 (8.4) 64.6 (10.2) 60.9 (10.0) 0.4

Male (No.,%) 24 (68.6) 16 (76.2) 9 (50.0) 0.2

Education (years) 14 (6-18) 14 (10-18) 14.5 (10-18) 0.3

Disease duration (months)1 8 (4-15) 29 (10-168) n/a <0.001

Site of onset (l/b/lb) 18/15/2 n/a n/a n/a

ALSFRS-R score 42 (31-46) n/a n/a n/a

FVC 94.0 (16.6) n/a n/a n/a

Survival (months from symptom 
onset to death)2

32 (11-73) n/a n/a n/a

C9orf72 mutation (No.,%)3 3 (10.3) 3 (23.1) n/a 0.3

HADS anxiety 4 (0-13) 5 (0-9) 3 (0-7) <0.01

HADS depression 1 (0-10) 3 (0-8) 0 (0-3) 0.4

Legend. Data are expressed as mean (SD) or median (range), where appropriate. ALS: amyotrophic 
lateral sclerosis; bvFTD: behavioural variant frontotemporal dementia; HC: healthy control; N: 
number; Site of onset (l/b/lb): limb onset/bulbar onset/limb and bulbar onset; ALSFRS-R: ALS 
functional rating scale-revised (range 0 to 48, higher score indicates less impairment); FVC: 
forced vital capacity, percentage of predicted value; n/a: not available; HADS: hospital anxiety and 
depression scale score, higher scores indicate more symptoms.1 Disease duration was checked 
after inclusion and was longer than 12 months in 3 patients (8.6%). 2 By September 26, 2019 
(censoring date) 32 patients with ALS (91.4%) and 4 patients with bvFTD (19.1%) had died. 3C9orf72 
mutation status was missing in 6 patients with ALS and 8 patients with bvFTD.

6. Comparison of relevant participant and disease characteristics at 
baseline between patients with ALS with and without cognitive and/
or behavioural impairment at baseline

No CI/BI
N = 19

Mild CI/BI
N = 9

Severe CI/BI
N = 7

p-value

Site of onset (l/b/lb) 11/7/1 4/4/1 3/4/0 0.8

C9orf72 mutation (No.,%)1 1 17 0 6 2 6 0.1

HADS anxiety 4 (0-12) 3 (1-13) 5 (2-11) 0.1

HADS depression 1 (0-10) 3 (0-6) 5 (0-7) 0.5

Legend. Data are expressed as mean (SD) or median (range), when appropriate. CI/BI: cognitive 
and or behavioural impairment; N: number; Site of onset (l/b/lb): limb onset/bulbar onset/limb 
and bulbar onset; HADS: hospital anxiety and depression scale score, higher scores indicate more 
symptoms.1 C9orf72 mutation status was missing in 6 patients with ALS.

7. Change scores for neuropsychological tests and behavioural 
assessments at follow-up

Cognitive test ALS
N=28

BvFTD
N=19

HC
N=18

p-value

Anti-saccade test -0.7 (2.9) -1.1 (2.8) -0.8 (2.1) 0.9

WAIS similarities 0.8 (3.1) -0.6 (3.8) 0.9 (2.6) 0.4

Boston naming test -0.9 (4.9) -2.2 (5.5) 0.2 (1.7) 0.2

Judgement of line orientation -0.5 (3.0) 0.0 (2.5) -0.5 (2.2) 0.4

Letter fluency -1.8 (5.7)* 0.9 (6.0)** 9.3 (6.4) <0.001

Category 
fluency

Animals
Occupation
Supermarket

-3.0 (5.5)
-2.6 (3.9)*
-3.2 (5.4)*

-1.5 (2.4)
-0.5 (2.2)
-1.0 (4.0)

-1.1 (3.7)
-0.2 (3.2)
1.4 (5.3)

0.4
0.04
0.02

Visual association test -0.9 (4.1) 0.0 (3.6) -0.5 (5.7) 0.5

RAVLT Immediate
Delayed

-0.1 (7.4)
-0.1 (2.1)*

-1.8 (8.6)
-0.1 (3.1)**

4.5 (8.0)
2.1 (2.65)

0.2
0.02

Letter number sequencing 0.2 (1.9) -1.4 (3.3) 0.7 (2.4) 0.1

RBMT Immediate
Delayed

0.8 (5.0)
0.4 (5.1)

-1.0 (4.3)
-1.1 (4.0)

1.9 (4.6)
1.4 (4.2)

0.1
0.3

Ekman 60 faces test -0.9 (3.6)* -4.4 (6.7)** 2.3 (4.3) <0.01

WCST Total errors
Perseverative responses
Perseverative errors

3.0 (15.4)
0.9 (15.3)
1.4 (12.1)

15.3 (25.6)
13.8 (23.6)**
11.5 (18.7)

2.4 (6.9)
1.2 (4.2)
1.0 (2.6)

0.1
0.04
0.1

ALS-FTD-Q# -2.7 (10.3) -1.4 (7.9) 2.5 (3.6) 0.1

Legend. ALS: amyotrophic lateral sclerosis; bvFTD: behavioural variant frontotemporal dementia; 
HC: healthy controls; RAVLT: Rey auditory verbal learning test; RBMT: Rivermead behavioural 
memory test; WCST: Wisconsin card sorting test; ALS-FTD-Q: ALS-FTD questionnaire. Change 
scores for all participants with follow up (ALS 28/35, HC 18/18, bvFTD 19/21). Differences between 
all groups are calculated with the Kruskal-Wallis test, and when significant, with the Mann-Whitney 
U test for ALS vs. HC (*p < 0.05, *p < 0.001) and FTD vs. HC (**p < 0.05, **p <0.001). #Change 
scores of the ALS-FTD-Q did not differ between all groups (ALS, bvFTD and HC); however, when 
ALS and HC were compared, a p-value of p = 0.04 was found.

8. Comparison of change scores of motor function, respiratory func-
tions and anxiety and depression between patients with ALS with 
and without category shifts
Between patients with (n=10) and without (n=18) a shift towards a more severe 
category of cognitive or behavioural impairment, change scores of ALSFRS-R 
(-4.0 (range -18.0 – 1.0) vs. -6.5 (range -23.0 – 0.0)), FVC (-11.2 (range -50.2 – 24.7) 
vs. -16.9 (range -45.8 – 10.0)) and HADS (-2.0 (range -6.0 – 1.0) vs. -0.5 (range 
-6.0 – 4.0)) did not differ significantly (p = 0.2, 0.4 and 0.4, respectively).
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ABSTRACT

Objective
Thirty percent of ALS patients have a frontotemporal syndrome (FS), defined as 
behavioural changes or cognitive impairment. Despite previous studies, there 
are no firm conclusions on the effect of the FS on survival and the use of non-
invasive ventilation (NIV) in ALS.

Methods
We examined the effect of the FS on survival and the start and duration of 
NIV in ALS. Behavioural changes were defined as >22 points on the ALS-
Frontotemporal-Dementia-Questionnaire or ≥3 points on ≥2 items of the 
Neuropsychiatric Inventory. Cognitive impairment was defined as below the 
fifth percentile on ≥2 tests of executive function, memory or language. Classic 
ALS was defined as ALS without the frontotemporal syndrome. We performed 
survival analyses from symptom onset and time from NIV initiation, respectively, 
to death. The impact of the explanatory variables on survival and NIV initiation 
were examined using Cox proportional hazards models.

Results
We included 110 ALS patients (76 men) with a mean age of 62 years. Median 
survival time was 4.3 years (95% CI 3.53–5.13). Forty-seven patients (43%) had 
an FS. Factors associated with shorter survival were FS, bulbar onset, older 
age at onset, short time to diagnosis and a C9orf72 repeat expansion. The 
adjusted hazard ratio (HR) for the FS was 2.29 (95% CI 1.44–3.65, p<0.001) in a 
multivariate model. Patients with an FS had a shorter survival after NIV initiation 
(adjusted HR 2.70, 95% CI 1.04–4.67, p = 0.04).

Conclusion
In conclusion, there is an association between the frontotemporal syndrome 
and poor survival in ALS, which remains present after initiation of NIV.

INTRODUCTION

Thirty to 50 percent of amyotrophic lateral sclerosis (ALS) patients have a 
frontotemporal syndrome, encompassing behavioural changes and cognitive 
impairment.1-5 In 8–10% of ALS patients these changes are more severe and 
fulfil the criteria for frontotemporal dementia (FTD).3, 6 The most frequent 
encountered subtype of FTD is the behavioural variant (bvFTD) albeit language 
variants of FTD may be found in a minority of ALS patients. Median survival of 
ALS patients is 3 years after symptom onset and the main cause of death is 
respiratory failure. The disease course is negatively influenced by older age at 
onset, early respiratory dysfunction, bulbar onset, a short time to diagnosis 
and the presence of a C9orf72 repeat expansion.7-11 Previous studies suggested 
a negative effect of executive dysfunction or neurobehavioural changes on 
survival of ALS patients, although the use of general assessment measures for 
behavioural changes precluded firm conclusions in some of them.10, 12-15 Indeed, 
the importance of a valid assessment of the frontotemporal syndrome in ALS, 
including the use of disease specific measures has been stressed.1 This would 
allow for substantiating the presumed association between the frontotemporal 
syndrome and survival in ALS.10, 12, 15 The frontotemporal syndrome, in particular 
the presence of behavioural changes, was found to interfere with the initiation 
of life-prolonging therapies, i.e. non-invasive ventilation (NIV). An analysis 
of both cognitive and behavioural changes in patients who used NIV might 
corroborate this association.12, 15, 16

The first aim of this study was to investigate whether a frontotemporal 
syndrome is an independent risk factor for poor survival in ALS. Secondly, we 
aimed to gain insight into the effect of the frontotemporal syndrome on NIV 
initiation and duration in ALS patients.

METHODS

Participants
In two of our previous studies, behavioural changes and cognitive impairment 
were assessed in a total of 110 ALS patients (n=21 and n=89, respectively).17, 18 
ALS patients in both studies were diagnosed with possible, probable or definite 
ALS according to the El Escorial criteria.19 Concomitant FTD was diagnosed by 
the treating neurologist, according to the Neary criteria.20 Both patient cohorts 
were recruited from the two tertiary referral clinics for ALS in the Netherlands. 
Demographic and clinical data were extracted from the databases, i.e. age, 
years of education, site of onset (bulbar or limb), age at onset, time to diagnosis, 
disease duration (time between first symptom and study visit), vital capacity 
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at inclusion (percentage of the predicted value, as measured by handheld 
spirometry in the upright position), and score on the Hospital Anxiety and 
Depression scale (HADS; a maximum score of 42 indicates severe anxiety and 
depression).21 Physical disability was measured with the amyotrophic lateral 
sclerosis functioning rating scale - revised (ALSFRS-R; maximum score of 48 
indicates no physical disability).22

Data on the presence of the C9orf72 repeat expansion was derived from 
the prospective population based study on motor neuron disease in the 
Netherlands.23 DNA was extracted from venous blood using standard 
protocols.24 To detect large expanded repeats a repeat primed PCR for the 
C9orf72 GGGGCC repeat was performed on genomic DNA, as described 
previously.24 The C9orf72 repeat expansion was known in 89 (81%) patients 
in the current study. Time of death was checked in the Municipal Personal 
Records Database.25

Standard protocol approvals and patient consents
The medical ethical committees of the hospitals approved the studies. Written 
informed consent was obtained from all participants at inclusion.

Assessment of behaviour and cognition
In the first cohort (n=21), behavioural changes were assessed with the 
Neuropsychiatric Inventory (NPI).18, 26 A score of ≥3 points on ≥2 items on the 
NPI has been used by others as a cut-off for mild behavioural changes in ALS.17, 

27 As described previously by others, we carefully excluded behavioural changes 
that are more likely due to physical disability (i.e. motor impairment mistaken 
for apathy) or an appropriate reaction to their diagnosis (e.g. comments 
about death). Cognitive functions were assessed with a comprehensive 
neuropsychological examination. Neuropsychological tests were corrected 
for age, education and dysarthria, as described previously.18, 28 Cognitive 
impairment was defined as a score below the fifth percentile on ≥2 tests of 
executive function, memory or language, according to consensus criteria for 
cognitive impairment in ALS.27

In the second cohort (n=89) behavioural changes were assessed with the ALS-
FTD-Questionnaire (ALS-FTD-Q). The ALS-FTD-Q is a proxy-rated, disease-
specific, validated instrument to detect behavioural changes in ALS.17 The 
items of the questionnaire are based on a systematic review of behavioural 
changes in motor neuron disease patients with the behavioural variant of FTD. 
A score of >22 on the ALS-FTD-Q indicates mild behavioural changes. Cognitive 
functions in the second cohort were assessed with the category fluency test, 
letter fluency test and the Mini Mental State Examination (MMSE). Cognitive 

impairment was defined as ≥2 impaired tests.27 For the fluency tests we used 
a cut-off below the fifth percentile of normative scores.29 For the MMSE, an age 
and education normative score was used which was adjusted for the highest 
achievable score of individual patients; some patients could not complete all 
items due to motor impairment.30

Classification of patients
Based on consensus criteria for the frontotemporal syndrome in ALS, we 
defined the following groups: classic ALS, which is not associated with cognitive 
impairment or behavioural changes, and ALS patients with a frontotemporal 
syndrome.27 The frontotemporal syndrome was defined as cognitive 
impairment, behavioural changes or both. Patients with severe cognitive and 
behavioural changes who fulfilled the criteria for the behavioural variant of FTD 
were included in the group “ALS patients with a frontotemporal syndrome”.31

Non-invasive ventilation
There are four Home Mechanical Ventilation centres in the Netherlands from 
which data were derived on whether the patient started NIV, and the dates 
on which the NIV was initiated and ended. We also noted whether and when 
tracheostomal ventilation was initiated.

Statistical analyses
Survival was calculated as time from symptom onset to time of death or 
censoring date (February 24, 2015). As no patients had tracheostomal 
ventilation, survival following onset of NIV was calculated as time from 
onset of NIV to time of death or censoring date ( July 2014). We used Kaplan-
Meier survival analyses and compared the data using the log-rank test. To 
examine which explanatory variables should be included in the multivariate 
Cox proportional hazards model, we performed univariate analyses for the 
following factors: frontotemporal syndrome, bulbar onset, age at onset, time 
to diagnosis, vital capacity, gender and the presence of the C9orf72 repeat 
expansion. Explanatory variables with a p value <0.25 in the univariate analyses 
were included into a multivariate Cox proportional hazards model (using 
the enter method). Effect sizes were expressed in hazard ratios, statistical 
uncertainty was expressed in 95% confidence intervals. The defined groups, 
classic ALS and ALS patients with a frontotemporal syndrome, were compared 
using independent t test, Pearson Chi-squared test and Fisher’s exact test. All 
tests were two-tailed and statistical significance was set at p <0.05. Statistical 
analyses were carried out using SPSS version 21 (SPSS Inc., Chicago, IL).
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RESULTS

In total 110 ALS patients were included; 76 men and 34 women; 22 (20%) ALS 
patients had bulbar onset. The mean age was 62.0 years (SD 11.3; range 34-84). 
Median time from symptom onset to diagnosis was 10 months (range 2-90). Forty-
seven (43%) ALS patients had a frontotemporal syndrome, of whom 8 fulfilled 
criteria for ALS-bvFTD. Sixteen (15%) patients had only behavioural changes, 18 
(16%) had cognitive impairment and 13 (12%) had both. None of the patients 
had a language variant of FTD. There was no difference in occurrence of the 
frontotemporal syndrome between the two cohorts (χ2, p=0.99).17, 18 Demographic 
and clinical variables for the patient groups are shown in table 1.

Survival analyses
At the time of analyses, 87 (79.1%) patients had died. The overall median survival 
time from symptom onset to death was 4.3 years [95% confidence interval (CI) 
3.53-5.13]. Table 2 shows univariate analyses of risk factors for survival in all 
ALS patients. Frontotemporal syndrome, bulbar onset, age at onset, time to 
diagnosis and the presence of the C9orf72 repeat expansion had p values 
below 0.25 and were included in the multivariate model.

Survival of ALS patients with a frontotemporal syndrome
Median survival time was shorter in 47 patients with a frontotemporal syndrome 
compared to 63 classic ALS patients (3.8 years, 95% CI 2.94-4.73 vs. 5.6 years, 
95% CI 3.76-7.41, p=0.001). The Kaplan-Meier curve is shown in figure 2A. The 
impact effect of a frontotemporal syndrome on survival was also observed in a 
multivariate regression model adjusting for bulbar onset, age at onset, time to 
diagnosis and the presence of the C9orf72 repeat expansion (adjusted hazard 
ratio 2.29, 95% CI 1.44-3.65, p<0.001; Table 3).

Figure 1. Venn diagram of the classification of amyotrophic lateral sclerosis patients (n = 110)

Table 1. Demographic and clinical characteristics of ALS patients

ALS-classic
(n = 63)

ALS-
frontotemporal 
syndrome 
(n=47)

ALS-frontotemporal syndrome (n=47)

ALS –
cognitive 
impairment
(n = 18)

ALS –
behavioural 
changes
(n = 16)

ALS –
both
(n=13)

Age at onset, y 56.5 (12.8) 61.6 (9.5)* 60.4 (9.1) 62.2 (8.9) 62.4 
(11.2)

Male sex, n (%) 39 (61.9) 37 (78.7) 13 (72.2) 14 (87.5) 10 
(76.9)

Bulbar onset, n (%) 6 (9.5) 16 (34.0)* 6 (33.3)* 4 (25.0) 6 
(46.2)*

Time to diagnosis, 
months (range)

13.6
(1-71)

14.4
(1-76)

14.2
(1-36)

10.9
(1-47)

19.1
(1-76)

ALSFRS-R 34.2 (8.8) 31.5 (8.3) 28.4 (9.4)* 33.4 (7.1) 33.4 
(7.3)

Vital capacity (%) 84.9 (22.4) 77.9 (17.1) 75.8 (21.3) 82.6 (12.9) 74.9 
(14.8)

C9orf72 repeat 
expansion,
n (%)

2 (3.2) 4 (8.5) 1 (5.6) 2 (12.5) 1 (7.7)

HADS-Anxiety 10.2 (5.2) 10.5 (4.7) 10.9 (4.0) 9.1 (4.6) 11.8 
(5.5)

HADS-Depression 7.2 (3.7) 8.2 (3.7) 7.4 (2.4) 8.3 (4.1) 9.4 (4.6)

Education, y 13.9 (2.6) 14.1 (2.4) 14.6 (2.2) 13.3 (2.9) 14.4 
(1.9)

NIV initiation, n (%) 29 (46.0) 14 (29.8) 8 (44.4) 2 (12.5)* 4 (30.8)

Legend. Values are mean (SD), unless stated otherwise. All groups are compared to the classic 
ALS group using an independent t test.
ALS: amyotrophic lateral sclerosis; ALSFRS-R: ALS Functional Rating Scale – Revised (maximum 
score 48, indicates no disability); HADS: Hospital anxiety and Depression Scale; NIV: non-invasive 
ventilation; y: years. * p < 0.05
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Table 2. Univariate analysis of possible risk factors in all ALS patients

Risk factor Hazard ratio 95% CI p value

Bulbar onset 2.70 1.63-4.49 <0.001*

Age at onset 1.05 1.02-1.07 <0.001*

Time to diagnosis 0.97 0.95-0.99 0.001*

Vital capacity 1.00 0.99-1.01 0.544

Familial/sporadic ALS 1.25 0.64-2.42 0.515

Gender 1.23 0.77-1.96 0.385

C9orf72 repeat expansion 1.31 1.01-1.07 0.040*

Frontotemporal syndrome 2.09 1.36-3.21 0.001*

 Behavioural changes 1.95 1.08-3.55 0.028*

 Cognitive impairment 2.01 1.15-3.53 0.014*

 Both 2.28 1.19-4.36 0.013*

ALS: amyotrophic lateral sclerosis; CI: confidence interval. * p value <0.25; these variables were 
included into a multivariate Cox proportional hazards model.

Survival of ALS patients with behavioural changes and/or cognitive 
impairment
ALS patients with both behavioural changes and cognitive impairment had a 
median survival time of 3.4 years (n=13; 95% CI 2.14-4.69, p=0.01; Figure 2b), 
compared to 5.6 years in classic ALS. ALS patients with cognitive impairment had 
a median survival time of 4.3 years (n=18; 4.3 years, 95% CI 2.69-5.81, p=0.012; 
Figure 2b). ALS patients with behavioural changes had a median survival time 
of 3.8 years (n=16; 95% CI 2.94-4.81, p=0.024; Figure 2b). Multivariate analysis 
for these subgroups was not performed, due to a small size.

Non-invasive ventilation
Forty-three patients (39%) had used NIV of whom 29 (67%) had classic ALS 
and 14 (33%) had ALS with a frontotemporal syndrome (χ2, p=0.08). Out of the 
43 patients who had used ventilation 8 (19%) had bulbar onset. All except two 
patients had used NIV until death. Two patients used NIV 2 and 5 days and 
lived 11 and 18 days, respectively, following the termination of NIV. None of the 
patients had tracheostomal ventilation.

Initiation of non-invasive ventilation
The median disease duration at NIV initiation was 3.9 years (range 0.5-8.2) for 
classic ALS and 3.1 years (range 1.0-7.0) for ALS patients with a frontotemporal 
syndrome (p>0.05). Patients with behavioural changes initiated NIV less often 
compared to classic ALS patients (2 out of 16; 12.5% vs. 29 out of 63; 46%, 
Fisher exact p=0.02). The proportion of ALS patients with cognitive changes 

(with or without behavioural changes) that initiated NIV did not differ from 
those with classic ALS.

Figure 2. Kaplan-Meier analysis of the effect frontotemporal syndrome on ALS survival

A. Log-rank test for equality of survival functions, p=0.005. Black line ALS patients without 
frontotemporal syndrome (n=63); dotted line ALS with frontotemporal syndrome (n=47); +: 
censored cases (n=23). B. Kaplan-Meier analysis of the effect of cognitive impairment and/or 
behavioural changes on ALS survival. Black line classic ALS patients, without frontotemporal 
syndrome (n = 63); dotted line ALS with cognitive impairment (n=18, p=0.012); dashed line ALS with 
behavioural changes (n=16, p=0.02); dotted/dashed line ALS with both cognitive impairment and 
behavioural changes (n=13, p=0.10); +: censored cases (n=23); four patients (two censored) who 
had a survival time of 15.6-29 years are not displayed in this figure.
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Table 3. Multivariate analysis for ALS patients with frontotemporal syndrome on survival

Risk factor Hazard ratio 95% CI p value
Age of onset 1.04 1.02-1.06 0.001
Bulbar onset 1.93 1.15-3.24 0.013
Extended C9orf72 repeat 1.54 1.17-2.03 0.002
Time to diagnosis 0.96 0.93-0.98 <0.001
Frontotemporal syndrome 2.29 1.44-3.65 <0.001

CI: confidence interval

Figure 3. Kaplan-Meier analysis of the effect of the frontotemporal syndrome on ALS survival 
following initiation of NIV

Log-rank test for equality of survival functions, p=0.003. Black line ALS patients without 
frontotemporal syndrome (n=29); dotted line ALS with frontotemporal syndrome (n=14); +: 
censored cases (n=12).

Survival after non-invasive ventilation
ALS patients who had used NIV had a longer survival than patients without 
NIV (median 6.0 years, 95% CI 4.4-7.6 vs. 3.8 years 95% CI 3.2-4.3, p=0.03). 
ALS patients with a frontotemporal syndrome had a shorter survival after NIV 
initiation compared to those with classic ALS (median 6 months, 95% CI 0.0-
18.9 vs. 31 months 95% CI 19.9-43.0, p=0.009; Figure 3). The impact effect of 
a frontotemporal syndrome on survival (following NIV) was also observed in 
a multivariate regression model adjusting for site of onset, age at onset, time 
to diagnosis and the presence of the C9orf72 repeat expansion (HR 2.7, 95% 
CI 1.2-6.0, p=0.02).

In an exploratory analysis, we analysed the effect of the frontotemporal 
syndrome on survival in the non-ventilated group. Non-ventilated ALS patients 
with a frontotemporal syndrome showed a trend to a shorter survival compared 
to classic ALS patients without NIV (median 4.00 years, 95% CI 3.43-3.82 vs. 
3.59 years 95% CI 2.55-4.62, p=0.06)

DISCUSSION

In 110 patients with ALS we examined the effect of the presence of the 
frontotemporal syndrome on survival and NIV initiation and duration. We 
showed that the concomitant presence of the frontotemporal syndrome 
(behavioural changes, cognitive impairment or both) in patients with ALS is 
associated with a significantly shorter survival independent of other prognostic 
factors. We also found that the survival after NIV initiation was significantly 
shorter in ALS patients with a frontotemporal syndrome compared to classic 
ALS. Thus, our findings suggest an association between the frontotemporal 
syndrome and poor survival in ALS patients, which remains present following 
the initiation of NIV.

Known factors for a poor prognosis are older age at onset, early respiratory 
dysfunction, bulbar onset, short time to diagnosis and the presence of the 
C9orf72 repeat expansion.7-11 Early respiratory dysfunction was not a relevant 
prognostic factor in our study, possibly because the median vital capacity 
(percentage of predicted value) of our patients was 84% at inclusion.18

Our study strengthens and extends findings from previous studies as our data 
robustly showed that not only cognitive changes, but also behavioural changes 
negatively affect survival in ALS.10, 12, 13, 15 Importantly, for the assessment of 
behavioural changes we used a disease specific instrument which has shown 
to prevent overestimation of behavioural changes in ALS.17

NIV is a life-prolonging therapy in ALS and, therefore, an important variable 
to consider in survival studies in ALS.32 Reports on analyses on NIV use 
provide clues on possible causes of reduced survival in ALS patients with a 
frontotemporal syndrome.10, 15 We showed that in particular ALS patients with 
behavioural changes (and not cognitive changes) less often initiated NIV, and 
that ALS patients with a frontotemporal syndrome had a shorter survival after 
NIV initiation compared to classic ALS patients. Our data, due to relatively low 
numbers, do not enable us to differentiate whether apathy, disinhibition or 
dysexecutive behaviour mediates this difference. An association between 
frontotemporal dysfunction and either the initiation of NIV, or survival following 
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NIV, has been shown by others.12, 15 Our study extends these findings and 
suggests that a shorter survival due to a frontotemporal syndrome can be 
explained by both a lower proportion of ALS patients (with a frontotemporal 
syndrome) initiating NIV, and a shorter survival of ALS patients with a 
frontotemporal syndrome, following NIV.12, 15 Larger cohorts are needed to 
confirm this association and other issues. In particular, more data should be 
obtained on compliance with NIV, the role of patients, proxies and physicians in 
the decision-making process, and on end of life practices in ALS patients with 
the frontotemporal syndrome.33-35 In addition, a study in a larger cohort may 
elucidate the impact of different aspects of behavioural changes in ALS (i.e., 
apathetic vs disinhibited type).36

In addition to the strengths of our study, some limitations need to be 
addressed. The assessment of behavioural changes and cognitive impairment 
differed slightly between the two cohorts. However, no differences in outcomes 
were shown between the cohorts. We included more prevalent than incident 
patients, i.e. the disease duration was more than one year in most patients. 
This is reflected by a relatively long survival of the cohort, probably due to a 
lower proportion of patients with a rapid disease course. The cognitive testing 
in one cohort focused on executive functions, which may have resulted in 
an underestimation of cognitive deficits, because other cognitive domains 
can be affected in ALS, even in the absence of executive deficits. As fluency 
is an important aspect of executive functioning, the association of cognitive 
dysfunction with survival in our study may have in part been driven by executive 
dysfunction, thus corroborating previous findings from Elamin et al.10, 37-39 Due 
to small numbers we were not able to perform multivariate analysis in the 
subgroups (i.e. patients with only cognitive impairment, patient with only 
behavioural changes, and patients with both). Finally, we were unable to retrieve 
sufficient data on the initiation and duration of feeding by gastrostomy.

In conclusion, we have shown an effect of the frontotemporal syndrome on 
survival in ALS, which is in part related to a shorter NIV use as compared 
to classic ALS patients. These findings underline the importance of the 
assessment of cognitive impairment and behavioural changes in ALS patients 
and contribute to a better understanding of prognostic factors in ALS.
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In this thesis we aimed to investigate the profile and course of (mild) cognitive 
and behavioural impairment in amyotrophic lateral sclerosis (ALS). Furthermore, 
we developed easy-to-use tools for the detection of cognitive and behavioural 
impairment in ALS patients in daily clinical practice.

Part 1. Cognitive and behavioural impairment in ALS and behavioural 
variant FTD
In 2010 we investigated the cognitive profile of ALS by means of a meta-analysis.1 
At that time, sixteen neuropsychological studies in ALS patients were eligible 
for inclusion, which resulted in effect sizes with wide confidence intervals for 
multiple cognitive domains. Since 2010, the interest in cognitive impairment 
in ALS has grown, which led to the publication of many neuropsychological 
studies in ALS. We therefore updated the meta-analysis (chapter 2) in order to 
more precisely determine the cognitive profile of ALS. The main finding of our 
meta-analysis was the extent of impairment of social cognition in ALS patients, 
compared to healthy controls. Social cognition is a complex cognitive domain 
which encompasses both theory of mind (ToM) and emotion recognition. 
Studies in bvFTD have shown important deficits of social cognition, which 
may be the hallmark of frontal degeneration.2, 3 Decline in social cognition has 
even been shown in presymptomatic FTD mutation carriers, approximately 6 
years before symptom onset.4 In ALS, social cognition has only recently been 
recognized and our meta-analysis included 6 studies that investigated social 
cognition, of which 5 investigated either ToM or emotion recognition. Only 
recently, it is considered a key element of the cognitive profile and is as such 
included in the criteria for cognitive impairment in ALS.5 The impact of social 
cognition deficits in ALS patients may not be fully elucidated; the literature on 
bvFTD reveals that the loss of empathy in bvFTD patients does not only result 
in an increased caregiver burden, but can also lead to marital problems.6, 7 
Therefore, in bvFTD, studies are currently focussing on therapies to improve 
social cognition, both pharmacologically and with psychosocial interventions.8-10 
In light of these findings studies on the impact of social cognition deficits both in 
the ALS patient and their caregiver are needed. When deficits in social cognition 
are suspected it can be advised to offer more psychological support to the 
caregiver.

Another important finding of our meta-analysis was the important role of verbal 
memory in the cognitive profile of ALS. Over the years there has been much 
debate about the presence of memory deficits in ALS. The main issue with the 
assessment of (verbal) memory is that it also requires other cognitive functions, 
such as executive functions.11, 12 It has been suggested previously that memory 
impairment in ALS cannot be fully explained by the presence of executive 
dysfunction.13 In the current criteria for cognitive impairment in ALS the 

presence of isolated memory deficits is not sufficient for a diagnosis of cognitive 
impairment in ALS (ALS-CI).5 In the Edinburgh Cognitive and Behavioural ALS 
Screen (ECAS), memory tests are included in the ALS non-specific part of the 
screen.14 However, imaging studies performed by our research group and 
others have shown evidence of hippocampal volume loss in ALS patients with 
verbal memory deficits (immediate and delayed story recall).15, 16 Evidence of 
functional connectivity changes and degeneration in the hippocampus and 
Papez circuit in ALS has also been found by others.17-19

It remains unclear whether this evidence should give memory impairment 
a more important role in the ALS clinic, i.e. should we specifically ask about 
memory deficits when we suspect cognitive impairment? When we examined 
the literature on behavioural changes in MND-FTD patients (chapter 4) we 
found that the most frequently reported symptom was memory impairment, 
albeit not a behavioural symptom. The lay term ‘memory impairment’ might be 
used to describe cognitive decline in general. In our study examining the validity 
of the ALS-FTD-Q (chapter 7) we found that the item ‘your partner has more 
problems with memory’ had a good item – total score correlation, indicating 
that it attributes equally to the scale as the behavioural items. The same applies 
to three other items investigating attention and orientation. It might therefore 
be wise to ask the proxy about memory impairment in the outpatient clinic, as 
it might provide an easy insight in the presence of cognitive impairment, the 
precise nature of which could be examined in more detail, if needed.

Cognitive impairment in bvFTD
Cognitive impairment in bvFTD is often overshadowed by the presence of 
severe behavioural impairment and is not a prerequisite for a diagnosis of 
bvFTD.20 The bvFTD criteria specify the existence of impairment in executive 
functioning, with relative sparing of episodic memory and visuospatial functions. 
Other cognitive domains, such as social cognition, language and attention 
are not mentioned. The complete cognitive profile of bvFTD has never been 
systematically examined and the “cognitive” overlap with ALS is not known. In 
chapter 3 we therefore performed a systematic review and meta-analysis of 
the literature on cognitive impairment in bvFTD and compared this with our 
meta-analysis of the cognitive profile of ALS. We showed that the cognitive 
profile of bvFTD consists of deficits in social cognition, verbal memory, fluency 
and other executive functions. There was a considerable overlap between the 
cognitive profiles of bvFTD and ALS, indicated by a high correlation coefficient of 
the ALS-specific cognitive domains. We excluded the domain language from this 
analysis, because language showed a relatively higher effect size in ALS patients 
than in bvFTD patients. This difference is probably related to the exclusion of 
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patients with language variants of FTD in the bvFTD meta-analysis, as opposed 
to the ALS meta-analysis.

The important role of verbal memory impairment in bvFTD was somewhat 
surprising, as the current diagnostic criteria report a relative sparing of episodic 
memory.20 In our study we were not able to examine the complex interplay 
between executive functions and memory deficits. Even though the effect 
size of executive functions was smaller than the effect size of verbal memory, 
this does not rule out an interaction between the two domains. As described 
previously, evidence of hippocampal involvement in ALS has been shown.15, 17, 18 
Imaging studies in bvFTD have also shown a lower metabolism in the anterior 
parahippocampal and inferior temporal gyri in bvFTD patients, as well as 
atrophy of multiple brain regions including the right anterior hippocampus, 
anterior cingulate cortex and left paracingulate gyrus.21-23 Therefore, it has been 
proposed that both an amnesic variant and non-amnesic variant of bvFTD 
exist.24

Behavioural impairment in ALS
Behavioural impairment, which is the hallmark of bvFTD, also plays a significant 
role in ALS, as it negatively influences caregiver burden and caregiver’s 
quality of life.25-27 It has been assumed that the behavioural changes in ALS 
patients are consistent with those found in bvFTD, although this has never 
been systematically examined. It is clinically relevant to gather evidence of 
the overlap of behavioural symptoms between both diseases, as behavioural 
questionnaires developed for FTD are also being used in the ALS population. 
The application of FTD questionnaires in the ALS population poses another 
problem, namely the bias that occurs due to motor and speech impairment. 
For example, a question such as ‘the patient moves around less’ which aims 
to examine the presence of apathy might be falsely positive in an ALS patient 
who has lost the ability to walk. In chapter 4, we therefore aimed to determine 
the most frequent behavioural changes in ALS, in order to develop a new 
behavioural questionnaire for ALS patients (chapter 7). We systematically 
reviewed the literature on behavioural changes in motor neuron disease 
- FTD patients (MND-FTD), which consisted mostly of small case series and 
case reports. We also included patients with progressive muscular atrophy 
and primary lateral sclerosis in the study, because cognitive and behavioural 
impairment has also been found in these disease variants.28, 29 The inclusion 
of patients with other MND variants may have increased the heterogeneity in 
our study, although the vast majority of included patients was diagnosed with 
ALS.

When looking specifically at ALS, we found nine cohort studies reporting on 
the frequency of ALS-FTD, which was approximately 8%. The frequency of mild 
to moderate behavioural impairment had a wide range from 17% to 88% due 
to the variation in methodology. In these studies, behavioural changes were 
evaluated in an interview with the proxy or with a behavioural questionnaire. 
These questionnaires were not specifically designed to measure behavioural 
impairment in ALS patients. Since 2011, multiple behavioural questionnaires, 
specifically designed for ALS patients, have been developed and many studies 
have used these screening tools. This has allowed for a better estimate of 
the frequency of behavioural changes, i.e. 13% to 48%.14, 30-36 However, the 
frequency estimate still has a broad range, which is probably, at least partially 
related to heterogeneity among studies, i.e. diverging disease duration and 
physical impairment.

Our systematic review on behavioural changes in MND-FTD patients showed 
that the most frequently reported behavioural changes include perseveration, 
apathy, disinhibition, loss of disease insight and indifference. Memory 
complaints were also frequently reported, but are not considered a behavioural 
symptom. One of the limitations of this study is that the results cannot be 
directly compared to bvFTD patients, and therefore, it is not clear whether 
the behavioural profiles of these two diseases are similar. To the best of our 
knowledge, there have only been two studies comparing the behavioural 
symptoms of ALS-bvFTD patients and bvFTD patients. Both studies found a 
different behavioural profile in bvFTD as compared to ALS-bvFTD patients, 
with more social disinhibition, dietary changes (binge eating and altered food 
preferences), inertia and complex repetitive behaviours in bvFTD patients.37, 38 
However, the largest study (56 ALS-FTD patients and 185 bvFTD patients) had 
a retrospective study design which relied on information from clinical records, 
which might have resulted in reporting bias.37 The other study included small 
groups of 23 bvFTD patients and 20 ALS-FTD patients.38 When comparing the 
most frequently reported symptoms in our systematic review to the current 
diagnostic criteria for bvFTD they show great resemblance.20 The only exception 
being the prominent role of hyperorality and dietary changes in the criteria, 
which occurred only in 4.1% of the patients in our review. Future studies should 
prospectively investigate behavioural symptoms in a large group of ALS, ALS-
bvFTD and bvFTD patients in order to determine the behavioural profile of 
all three diseases. It is not only important to determine the overlap, but also 
to investigate the differences between ALS and FTD. Specific behavioural 
symptomatology could provide insight into the involvement of different brain 
regions in these three diseases. Together with imaging and pathological studies 
in these patient groups, this could contribute to a clearer understanding of the 
pathophysiology underlying both diseases.
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Part 2. Screening for cognitive and behavioural impairment
Given the above, it is crucial to define the complete clinical picture in every ALS 
patient. The gold standard to diagnose cognitive impairment is an extensive 
neuropsychological examination (NPE), but tests need to be adjusted for 
motor and speech impairment when used in ALS patients. An NPE might not 
be available in every ALS clinic and is also time-consuming. Behavioural changes 
are typically examined with a thorough interview with the patients’ caregiver, 
but such an interview is quite long and there might not be enough time during 
a full consultation schedule at the outpatient clinic. Therefore, short screening 
tools, which exclude bias due to motor or speech impairment and are easy to 
administer and widely applicable, could be beneficial to obtain a quick insight 
into the presence of cognitive and behavioural impairment.39

There are some issues as regards assessment of cognitive impairment 
in ALS patients. An NPE requires intact dexterity and speech, as many 
neuropsychological tests are time-dependent, which is clearly an issue in 
ALS patients. We showed that a frequently used screening tool for frontal 
dysfunction, the Frontal Assessment Battery (FAB), cannot be completed 
by approximately 20% of ALS patients. Also, a correlation between the FAB 
and the ALS functional rating scale – revised, i.e. a measure of physical and 
respiratory disability, was found, indicating that at least part of the FAB score 
is related to physical impairment.40 These results indicate the need for adapted 
neuropsychological tests for ALS patients that do not require intact dexterity 
or speech.

One of the most frequently used, and frequently impaired tests in ALS is the 
verbal fluency test. The patient is asked to name as many words starting with 
the same letter in one minute. One can imagine that slurred speech results 
in a reduced number of words per minute. An alternative is the written verbal 
fluency, however normative data of this test is not available. Therefore, the 
verbal fluency index was developed, in which the thinking time per word is 
calculated ((60 seconds – time to read the words aloud) / number of produced 
words). In chapter 5 we provided normative data for the Dutch verbal 
fluency index based on a cohort of 273 healthy volunteers. In this study the 
fluency index was calculated for verbal fluency with the letter ‘D’. This letter is 
comparable in terms of difficulty to the letters ‘F’ and ‘S’ in English. One of the 
limitations of this study is that it does not provide normative data for other 
fluency tests, such as category fluency, which is also a frequently used test 
in ALS. Both tests rely on frontal and temporal lobe functions, but the letter 
fluency test depends more on frontal lobe function, whereas retrieval in the 
category fluency test is more associated with the temporal lobe.41, 42 It has also 
been suggested that letter fluency is associated with educational level, whereas 

category fluency is associated with age.43 Therefore, our normative data for 
the letter fluency test cannot be directly translated to the category fluency 
test and normative data for the category fluency index should be investigated 
separately.

Screening for cognitive impairment in ALS
The development of normative data for adjusted neuropsychological tests 
facilitates the examination of cognitive impairment in ALS patients. This is 
needed as the current consensus criteria for frontotemporal dysfunction in ALS 
recommend screening for cognitive impairment in every ALS patient.5 When 
cognitive impairment is suspected based on the screening results, a complete 
neuropsychological examination is advised.

At the start of this thesis screening instruments specifically designed for 
cognitive impairment in ALS were lacking. The available screening instruments 
were either too general (e.g. Mini Mental State Examination, Montreal 
Cognitive Assessment) or did not adjust for impaired dexterity and speech 
(FAB, Addenbrooke’s cognitive examination revised). Therefore, in chapter 6 
we described the development and clinimetric properties of a new screening 
tool, the ALS-FTD-Cognitive screen. The cognitive domains covered in our new 
screen, i.e. social cognition, letter fluency, verbal memory and language were 
chosen based on the cognitive profile of ALS, described in chapter 2. We 
included neuropsychological tests that did not rely on dexterity and speech, 
with available normative data. The ECAS was published during our study and 
is currently the most frequently used screen in ALS.14 We therefore compared 
both screening tools with a complete neuropsychological examination in a 
subset of our study population. We found moderate clinimetric properties of 
the ALS-FTD-Cog, i.e. a sensitivity and specificity of 65% and 63.5%, respectively. 
The sensitivity and specificity of the ECAS, measured in a smaller group of 
patients, were good (83.3% and 91.3%, respectively).

One of the possible explanations for the disappointing clinimetric properties of 
the ALS-FTD-Cog might be the inclusion of the ‘faux pas test’ as a measure of 
social cognition. The task consists of multiple short stories, half of which contain 
a faux pas. The examinee is asked whether a faux pas was present and if so, 
how the person who was offended would feel. When administering the screen, 
we noticed difficulties, both in patients and healthy controls to understand the 
instructions. Especially attributing an emotion to the situation at hand proved 
cumbersome and many test subjects named multiple emotions. Unfortunately, 
there is no literature about this type of difficulties of the faux pas test and 
the observation in our cohort is therefore not supported by evidence. In 
addition, there are other studies that suggest the faux pas test might have less 
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discriminative potential between FTD and other neurodegenerative diseases, 
although this is contradicted by others.2, 44, 45

Due to moderate clinimetric properties of the ALS-FTD-Cog, we do not 
recommend its use in ALS patients. The sensitivity and specificity of the ALS-
FTD-Cog in our group of bvFTD patients were very high (94.4% and 100%, 
respectively), which could indicate that it can be used in this patient category 
to identify cognitive impairment. However, cognitive screens are most 
informative at the moment of diagnosis, whereas our bvFTD patients were 
mostly prevalent cases, reflected by a disease duration ranging from 9 to 166 
months. Consequently, most patients had an advanced disease stage and 
severe cognitive impairment, which was corroborated by the NPE. We do not 
expect preserved clinimetric properties in bvFTD patients with less advanced 
disease, as we have shown only moderate sensitivity and specificity in our 
cognitively less impaired ALS patients.

Other cognitive screening tools for ALS patients
Currently there are other cognitive screening tools available for use in ALS 
patients, namely the ALS-Brief Cognitive Assessment (ALS-BCA), the ALS 
Cognitive Behavioral Screen (ALS-CBS), the Penn State Screening examination 
of Frontal and Temporal dysfunction Syndromes (PSSFTS) and the University 
of California San Francisco – Screening Battery (UCSF-SB).46 We recommend 
to compare these screening tools in a large cohort study, in order to select the 
screen with the best clinimetric properties.

Screening for behavioural impairment in ALS
In chapter 7 we described the development and validation of the amyotrophic 
lateral sclerosis – frontotemporal dementia – questionnaire (ALS-FTD-Q). The 
selection of items for the questionnaire was based on our systematic review of 
behavioural changes presented in chapter 4. We included the most frequently 
reported behavioural symptoms in the questionnaire and examined the 
questionnaire in two ways. First, a pilot study was conducted to examine face-
validity, in which 17 proxies of ALS patients filled out the ALS-FTD-Q. Afterwards 
a semi-structured interview was performed to determine whether the scale 
was user-friendly and to investigate if any behavioural symptoms were missing. 
The interviews revealed no difficulties with filling out the questionnaire and no 
missing behavioural changes. Second, a validation study was performed in a 
cohort of patients with ALS (n=103), patients with ALS-bvFTD (n=10), patients 
with bvFTD (n=25), patients with other neuromuscular diseases (n=39, without 
a known association with behavioural impairment) and disease controls (n=31) 
who were evaluated at the neurology outpatient clinic for other complaints 
(for example tremor or headache). The inclusion of patients with other 

neuromuscular diseases allowed to account for the possible effect of chronic 
illness and motor disabilities on behaviour.

The clinimetric evaluation of the ALS-FTD-Q showed substantial internal 
consistency and a good item-total score correlation for most items. The items 
hypersexuality and euphoria had a lower correlation. These behavioural 
changes occur less frequently than most other items in the questionnaire 
(8.2% and 7.1%, respectively). The item hypersexuality was not always filled 
out, primarily because in some cases the proxy was a child or close friend of the 
patient. There also might be a taboo against talking about sexuality, especially 
in the older population. The second item, euphoria, might have been difficult 
to distinguish from compulsive laughter, which occurs as a pseudobulbar 
symptom in ALS. The construct validity, examined by correlating the ALS-FTD-Q 
with measures that investigate similar and different constructs was good. The 
inclusion of a healthy control group allowed us to establish a lower limit cut-off. 
A cut-off for severe behavioural changes was chosen based on the available data 
of ALS-bvFTD and bvFTD patients. The distinction between mild and severe 
behavioural changes is clinically important and allows to assess significant 
progression over time. This distinction is lacking in another frequently used 
ALS behavioural questionnaire, the Motor Neuron Disease Behaviour Scale 
(MiND-B), but is included in the Beaumont behavioural inventory (BBI) and the 
ALS cognitive behavioral screen (ALS-CBS).30-32

A recent review of all available cognitive and behavioural screens for ALS showed 
comparable results for the ALS-FTD-Q, BBI and ALS-CBS, all three of which 
cover all relevant behavioural domains.46 One study directly compared the BBI 
to the ALS-FTD-Q showing an overall high correlation. However, the authors 
concluded that some behavioural aspects are not extensively measured by the 
ALS-FTD-Q, i.e. apathy, increased sensitivity to sensory stimuli and grammatical 
mistakes, and that the BBI might be more sensitive to detect these changes.47 
The BBI consists of 41 items compared to 25 items of the ALS-FTD-Q, and 
it is therefore not surprising that this allows for detection of more (subtle) 
changes. The aim of the development of the ALS-FTD-Q was to provide a quick 
screening tool for the most frequent behavioural changes, which could never 
replace a thorough interview with the patient’s caregiver. It should be used in 
the outpatient clinic to screen for mild behavioural changes, as these often go 
undetected during the consultation.

Since the publication of the ALS-FTD-Q it has been translated in seven 
languages, including French, German and Japanese. A cross-cultural validation 
study of the Japanese version has been performed, which showed similar 
clinimetric properties.48
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Part 3. Course and implications of cognitive and behavioural impair-
ment
The clinical overlap between ALS and FTD supports the existence of a disease 
spectrum with pure ALS and pure FTD on both ends. It is therefore logical to 
assume that mild cognitive and behavioural impairment in ALS is a precursor 
of full-blown FTD. However, there are only a few longitudinal cognitive and 
behavioural studies in ALS which show diverging results. Some studies found 
stable or even improved cognitive and/or behavioural test results at follow-
up, whereas other studies did find some progression.33, 36, 49-52 Most of these 
studies included ‘prevalent’ ALS patients, i.e. patients with diverging disease 
duration.50, 53-55 ALS with a protracted disease course may well be a different 
variant in the MND spectrum than rapidly progressive ALS. When examining 
mostly patients with a protracted course this could introduce bias. To avoid 
bias, ‘incident’ ALS patients, i.e. patients with a disease duration of less than 
12 months should be included. Confusingly, the term ‘incident’ is sometimes 
defined as less than twelve months from diagnosis. We consider the latter 
definition to be less accurate, as it is well known that a short diagnostic delay 
is associated with reduced survival.56

In chapter 8 we described the results of a longitudinal cohort study of ‘incident’ 
ALS patients. We included 35 ALS patients with a median disease duration of 
eight months, 21 bvFTD patients and 18 healthy controls. At baseline 26% of 
ALS patients had mild cognitive and/or behavioural impairment and 20% had 
severe impairment. At follow-up six months later ten patients (36%) showed 
progression of cognitive and/or behavioural impairment. Even though our study 
sample was small, most of the ‘progressors’ (n=6, 60%) had developed mild 
impairment after 6 months. Three patients were impaired in one of the two 
categories (cognitive or behavioural impairment) at baseline and had developed 
impairment in the other category at follow-up. With this study we have shown 
that cognitive and behavioural impairment can not only develop, but also 
progress during the disease course. Even though we achieved a low attrition 
rate (20%), longitudinal studies in incident ALS patients can be challenging due 
to the fast progression of motor symptoms. When examining progression in a 
cohort of prevalent patients it should be noted that the follow-up period needs 
to be extended significantly. With a follow-up period of 6 to 12 months it is not 
surprising that most studies have failed to show progression of cognitive and 
behavioural symptoms over time. However, extending the follow-up period is 
complicated as performance on neuropsychological tests can be influenced 
by hypercapnia (caused by respiratory dysfunction) and the examination of 
patients in more advanced disease stages is burdensome.

Non-invasive ventilation and survival in ALS patients with cognitive and 
behavioural impairment
The presence of cognitive and behavioural impairment will likely influence 
decisions about life-prolonging therapies and advance care planning. Especially 
in the case of progression of cognitive and behavioural impairment and the 
development of bvFTD it might no longer be possible to make shared medical 
or legal decisions.57-59 Furthermore, it has been shown that life-prolonging 
therapies, such as non-invasive ventilation (NIV) are less often initiated in ALS 
patients with cognitive and behavioural impairment.60 Whether this contributes 
to a reduced survival in this patient group was as yet unknown. Therefore, in 
chapter 9 we examined the use of NIV in a cohort of prevalent ALS patients 
with and without cognitive and behavioural impairment and investigated the 
effect on survival. We found that survival is reduced in patients with cognitive 
and/or behavioural impairment (3.4 years vs. 5.6 years). However, the survival 
of patients without cognitive and behavioural impairment was longer than the 
median survival reported in the literature, which is most likely a reflection of the 
inclusion of prevalent patients. We also found that patients with behavioural 
impairment less often initiated NIV. Surprisingly, this was not seen in patients 
with cognitive or both cognitive and behavioural impairment. Our retrospective 
study design did not allow to evaluate whether the reduced initiation of NIV 
was the result of a decision made by the patient, caregiver, physician or any 
combination of the three.

It has been previously suggested that patients with cognitive and behavioural 
impairment have more difficulty with compliance to therapy, i.e. the correct 
use of the machine and use during the prescribed hours.61-63 In our study 
we showed that patients with cognitive and behavioural impairment had 
a reduced survival after the initiation of NIV compared to patients without 
cognitive and behavioural impairment (6 months vs. 31 months). Only two 
patients discontinued NIV within one week after initiation and all other patients 
used NIV until death. However, data on the compliance with NIV were not 
available. The significantly shorter survival after the start of NIV does suggest 
that ALS with cognitive and behavioural impairment has a more aggressive 
course. When looking at the ALS-FTD disease spectrum, it is known that survival 
in ALS is much shorter than in FTD (3 vs. 8 years).64, 65 It has also been shown 
that patients with ALS-FTD who present with signs of FTD have a longer survival 
than those who present with motor impairment.65 This suggests that the 
involvement of motor neurons primarily determines the course of the disease. 
However, it has not yet been clarified why the development of cognitive and 
behavioural impairment during the course of ALS shortens survival. As we have 
shown in our study, it can only be partially explained by refusal of NIV. There 
is evidence of increased cortical and subcortical atrophy in patients with ALS 
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and cognitive and/or behavioural impairment.65-68 One of the hypotheses for 
explaining the different patterns of atrophy among patients with pure motor 
signs and patients with concomitant cognitive and behavioural impairment 
includes differences in functional connectivity. There is evidence supporting 
a circuit-wise degeneration, leading to network failure.66, 69 The involvement of 
different networks in ALS patients with cognitive and behavioural impairment 
compared to ALS patients with pure motor symptoms might therefore result 
in a faster disease progression. We therefore recommend future studies to 
focus on network analysis in cohorts of ALS, ALS-FTD and FTD patients in 
order to elucidate the degeneration of networks along the ALS-FTD disease 
continuum.

Future directions
In this thesis we have shown that the cognitive profiles of ALS and bvFTD show 
considerable overlap and consist of deficits in social cognition, fluency, executive 
functions and verbal memory. The most prominent behavioural changes in 
ALS are perseveration, apathy and disinhibition. However, as discussed before, 
there also seem to be differences between the cognitive and behavioural 
profiles of ALS and bvFTD, i.e. language impairment is part of the cognitive 
profile of ALS and disinhibition, dietary changes and inertia are reported to 
occur more frequently in bvFTD. In our studies we included groups of ALS-
bvFTD and bvFTD patients, not only to serve as positive controls, but also to 
investigate the overlap between ALS and FTD. The sample size of these patients 
included in these groups, in particular ALS-bvFTD was quite small. Future 
studies should include larger groups of ALS, ALS-bvFTD and bvFTD patients in 
order to further elucidate the cognitive and behavioural overlap, but also clarify 
the differences between the two disease entities. As circuit-wise degeneration 
has been proposed as the underlying mechanism of symptomatology in ALS 
and FTD, brain networks in clinically well characterized ALS, ALS-bvFTD and 
FTD patients should be investigated. A comparison with pathological findings 
could help unravel the pathogenesis of these neurodegenerative diseases. We 
have taken the first step in this direction by performing a longitudinal network 
analysis study in ALS patients (pure motor ALS, ALS with mild cognitive and/or 
behavioural impairment and ALS-bvFTD), bvFTD patients and healthy controls. 
All participants underwent structural and functional MRI (diffusion tensor 
imaging and resting state functional MRI) and magnetoencephalography. The 
aim was to correlate degeneration of specific tracts with abnormalities in resting 
state networks across the ALS-FTD disease spectrum. The results of this study 
are currently being analysed.

Survival in ALS patients with cognitive and behavioural impairment
It has been suggested that motor neuron degeneration in ALS and ALS-FTD 
primarily determines disease progression. Therefore, one might argue that 
concurrent cognitive or behavioural impairment does not negatively influence 
survival. However, in one of our studies (chapter 9) we have shown reduced 
survival in prevalent patients with cognitive and behavioural impairment, 
including ALS-bvFTD, as compared to ALS patients with a pure motor variant. 
This finding could not be reproduced in an exploratory survival analysis in our 
larger cohort study of incident patients (cohort described in chapter 6, analysis 
not included in this thesis). This could be related to the fact that the median 
survival in the latter cohort was quite short (23 months) and there was not 
enough power to detect smaller differences. Also, ALS-bvFTD patients were 
excluded from this analysis. The influence of mild cognitive and behavioural 
impairment and their underlying specific network changes on survival therefore 
remains unclarified. We recommend future studies to include a larger group 
of both incident and prevalent ALS patients and examine survival not only 
related to cognitive and behavioural impairment, but also in association with 
network analysis.

Quality of life in ALS patients with cognitive and behavioural impairment
In this thesis we focused on the course of mild cognitive and behavioural 
impairment and the impact on survival. However, we did not investigate the 
influence on quality of life. There is ample literature about quality of life in ALS 
patients and their caregivers.70-73 It has also been extensively shown that quality 
of life of FTD patients and their proxies is reduced.74-76 However, there is a lack 
of studies investigating the impact of cognitive and behavioural impairment 
on quality of life in ALS patients and their caregivers.77 One study did show 
reduced quality of life of the caregiver in the presence of behavioural changes.27 
Future studies should focus on the effects of cognitive and behavioural 
impairment on both the patient and their caregiver. Especially since a cure 
for ALS is probably not available in the near future, there should be a focus 
on symptomatic treatment and support in the ALS clinic, in order to maintain 
the highest possible quality of life. Psychological interventions are often used 
in ALS clinics, but there is a paucity of literature on the effect on quality of 
life.78 Another method to improve cognitive and behavioural impairment 
might be found in pharmacology. The safety and effect of intranasal oxytocin 
on social impairment in FTD patients has been investigated and a positive 
effect on apathy and the expression of empathy was found, in combination 
with augmented activity in brain regions associated with social cognition.9, 79 
Investigations of other drugs for the improvement of behavioural symptoms 
in FTD, such as selective serotonin reuptake inhibitors and dopaminergic 
drugs have shown diverging or even negative results.80, 81 The possible role of 
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psychological and pharmacological interventions in ALS patients with cognitive 
and behavioural impairment remains to be investigated.

CONCLUSION

In this thesis we have established the cognitive profile of ALS and bvFTD 
and have provided further evidence for the existence of an ALS-FTD disease 
continuum. We developed the ALS-FTD-Q which has excellent clinimetric 
properties and is currently being used worldwide to screen for behavioural 
impairment in ALS patients. We also constructed a cognitive screening tool, but 
unfortunately the clinimetric properties were less convincing than expected and 
therefore, we do not recommend its use in ALS patients. Furthermore, we have 
shown that 30% of ALS patients has progression of cognitive and behavioural 
impairment during the course of their disease, and we also provided evidence 
for a reduced survival in these patients.

Practical considerations for healthcare professionals in ALS clinics
1. Screening tools for cognitive and behavioural impairment in ALS patients 

are feasible and can be incorporated in the ALS clinic.
2. Neuropsychological tests should be adapted for use in ALS patients, to 

prevent overestimation of cognitive impairment.
3. When diagnosing a patient with ALS it can be informative to ask the proxy 

about memory impairment, to gain insight into the possible presence of 
cognitive impairment.

4. Cognitive and behavioural impairment can develop during the disease course 
and we therefore recommend repeated screening of every ALS patient.

5. When deficits in social cognition are suspected it can be advised to offer 
more psychological support to the caregiver.
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Appendices Summary

SUMMARY

Cognitive and behavioural impairment are a key element of amyotrophic lateral 
sclerosis (ALS). There is evidence for the existence of a disease continuum with 
ALS and the behavioural variant of frontotemporal dementia (bvFTD) on both 
ends. In this thesis we aimed to develop screening instruments for cognitive 
and behavioural impairment in ALS that are free of bias due to motor and 
speech disturbances. In addition, we wanted to determine the profile and 
course of cognitive and behavioural impairment in early ALS patients.

Part 1. Cognitive and behavioural impairment in ALS and behavioural 
variant FTD
In the first part of this thesis we provided a systematic analysis and comparison 
of the cognitive profile of ALS and bvFTD. In chapter 2 we updated a meta-
analysis of the cognitive profile of ALS including 44 articles and 1287 non-
demented ALS patients. Due to the large number of patients we were able 
to further establish the cognitive profile of ALS, which consists of deficits in 
fluency, language, social cognition, executive functions and verbal memory with 
sparing of visuoperception. In comparison to the previous meta-analysis from 
2010 the confidence intervals of the effect sizes were much smaller and we 
discovered an important new cognitive domain, i.e. social cognition. Currently, 
social cognition is included in the criteria for cognitive impairment in ALS, which 
is at least partly due to our meta-analysis.

In chapter 3 we performed a similar systematic review of the literature on 
cognition in bvFTD. The hallmark of bvFTD is progressive behavioural change, 
but cognitive impairment can also occur. We hypothesized that the cognitive 
profiles of ALS and bvFTD would show a significant overlap. We found that 
the cognitive profile of bvFTD consists of impairment in the domains social 
cognition, verbal memory, fluency and executive functions. Language had a 
relatively smaller effect size in bvFTD than in ALS and is therefore not part of the 
cognitive profile. This is probably caused by the exclusion of language variants 
of FTD (semantic dementia and primary progressive aphasia) from the meta-
analysis. We found a high correlation coefficient of the cognitive profiles of ALS 
and bvFTD, which was even higher when the cognitive domain language was 
excluded. With these two meta-analyses we have provided further evidence 
for the existence of an ALS-FTD disease continuum.

Because behavioural changes are the key feature of bvFTD we wanted to 
investigate the frequency of behavioural impairment in ALS and explore the 
most commonly reported behavioural symptoms. In chapter 4 we therefore 
presented a systematic review of the literature regarding behavioural changes 

in ALS. We found that the most common behavioural changes include 
perseveration, apathy and disinhibition. The frequency of mild behavioural 
impairment in ALS was examined in eight studies and had a wide range from 
17% to 88%. This is probably related to the use of different questionnaires 
to detect behavioural change, none of which were validated for use in ALS 
patients.

Part 2. Screening for cognitive and behavioural impairment
In the second part of this thesis we therefore aimed to develop screening 
instruments for cognitive and behavioural impairment in ALS patients. These 
screening instruments should not only account for impaired dexterity or slurred 
speech, but also for behavioural changes that are related to the process of 
grief and suffering from a chronic illness, in order to prevent overestimation 
of cognitive and behavioural impairment. One of the most frequently used 
cognitive tests in ALS patients is the verbal fluency task, as a measure of 
executive functions, in which the patient is asked to name as many words 
starting with the same letter in one minute. This test had previously been 
adapted to account for speech impairment in ALS patients. The adapted version, 
the verbal fluency index, calculates the thinking time per word. In chapter 5 
we provided normative data for the Dutch version of the verbal fluency index, 
corrected for age and educational level. Unfortunately, in our study we did not 
include the category fluency test (semantic fluency) and therefore normative 
data of this task are still lacking.

In chapter 6 we presented the clinimetric properties of the ALS-FTD-Cognitive 
screen (ALS-FTD-Cog), a new screening instrument for cognitive impairment in 
ALS. Based on the meta-analysis presented in chapter 2 we chose to include 
four tests, examining the domains social cognition, fluency, verbal memory and 
language. The clinimetric properties of our new screen were less than expected 
and also fell short of the Edinburgh Cognitive and Behavioural ALS Screen, 
which is currently a frequently used instrument worldwide. We therefore do 
not recommend the use of the ALS-FTD-Cog in ALS patients.

Based on our systematic review of behavioural changes in ALS we developed a 
behavioural questionnaire for ALS patients, the ALS-FTD-Questionnaire, which 
is described in chapter 7. The questionnaire consists of 25 items which need to 
be filled out by the proxy of the patient and requires about five to ten minutes. 
We not only included a large group of ALS patients and a healthy control group 
in the validation study, but also a group of ALS-bvFTD and bvFTD patients in 
order to determine the optimal cut-off value for severe behavioural changes. 
To account for behavioural changes related to chronic illness we also included 
patients with other neuromuscular diseases, such as inclusion body myositis, 
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which allowed us to determine the cut-off value for mild behavioural changes. 
Currently, the ALS-FTD-Q is a frequently used behavioural questionnaire in ALS 
clinics and research projects worldwide.

Part 3. Course and implications of cognitive and behavioural impair-
ment
In the third part of this thesis we focused on the course of cognitive and 
behavioural impairment in a cohort of early ALS patients with a disease 
duration of less than twelve months. In chapter 8 we presented the results of 
a cohort of 35 ALS patients who underwent a neuropsychological examination 
at baseline and at six months. With a loss-to-follow-up of only 20% we found 
evidence of progression of cognitive and behavioural impairment in ten patients 
(36%). In this study we have convincingly shown that cognitive and behavioural 
impairment can not only develop during the course of the disease but also 
progress in one-third of the patients. This finding indicates that screening for 
cognitive and behavioural change should be performed in all patients.

At the start of this thesis there was no compelling evidence of reduced survival 
in ALS patients with cognitive and behavioural impairment. In chapter 9 we 
investigated the influence of cognitive and behavioural impairment, including 
FTD on survival in two cohorts of prevalent ALS patients (i.e. with diverging 
disease duration). We found robust evidence of reduced survival in ALS 
patients with cognitive and behavioural impairment, even in patients who 
initiated non-invasive ventilation. This finding emphasizes that cognitive and 
behavioural impairment in ALS have important consequences and should 
not be overlooked. In accordance with the current criteria for cognitive and 
behavioural impairment in ALS, we therefore recommend screening for 
cognitive and behavioural impairment in every ALS patient throughout the 
course of the disease.

NEDERLANDSE SAMENVATTING (DUTCH SUMMARY)

Cognitieve stoornissen en gedragsveranderingen maken een belangrijk 
onderdeel uit van amyotrofische laterale sclerose (ALS). Er is bewijs voor het 
bestaan van een ziekte continuüm met ALS en frontotemporale dementie 
(FTD) aan beide uiteinden. In dit proefschrift hebben wij ons gericht op de 
ontwikkeling van screeningsinstrumenten die niet gehinderd worden door 
lichamelijke beperkingen of spraakstoornissen, voor het vaststellen van 
cognitieve stoornissen en gedragsveranderingen bij ALS patiënten.

Deel 1. Cognitieve stoornissen en gedragsveranderingen bij ALS en 
gedragsvariant FTD
In het eerste deel van dit proefschrift beschrijven wij een systematische analyse 
en vergelijking van het cognitieve profiel van ALS en gedragsvariant FTD. In 
hoofdstuk 2 hebben wij een eerdere meta-analyse van het cognitieve profiel 
van ALS geactualiseerd, waarin 44 artikelen en 1287 niet-dementerende ALS 
patiënten zijn geïncludeerd. Door deze grote groep patiënten waren wij in 
staat om het cognitieve profiel van ALS nog genuanceerder te bepalen; het 
bestaat uit afwijkingen in fluency, taal, sociale cognitie, executieve functies 
en verbaal geheugen, waarbij visuoperceptie gespaard is. In vergelijking met 
de meta-analyse uit 2010 waren de betrouwbaarheidsintervallen rondom de 
effectgroottes een stuk kleiner en hebben wij een belangrijk nieuw cognitief 
domein toegevoegd, namelijk sociale cognitie. Dit domein is, mede door 
onze meta-analyse, sinds kort ook opgenomen in de criteria voor cognitieve 
stoornissen bij ALS.

In hoofdstuk 3 hebben wij een vergelijkbare systematische analyse uitgevoerd 
van de literatuur over cognitie in gedragsvariant FTD. Het belangrijkste kenmerk 
van gedragsvariant FTD is een progressieve verandering van het gedrag, 
echter kunnen cognitieve stoornissen ook optreden. Wij veronderstelden 
dat de cognitieve profielen van ALS en gedragsvariant FTD een grote overlap 
zouden tonen. Wij stelden vast dat het cognitieve profiel van gedragsvariant 
FTD afwijkingen in sociale cognitie, verbaal geheugen, fluency en executieve 
functies omvat. Het domein taal had een relatief kleinere effectgrootte 
bij gedragsvariant FTD dan bij ALS en maakt daarom geen deel uit van het 
cognitieve profiel. Dit is waarschijnlijk veroorzaakt doordat wij patiënten met 
een taalvariant van FTD (semantische dementie en primair progressieve afasie) 
uit de meta-analyse hebben geëxcludeerd. Wij vonden een hoge mate van 
correlatie tussen de cognitieve profielen van ALS en gedragsvariant FTD, wat 
zelfs toenam na de exclusie van het taaldomein. Met deze twee meta-analyses 
hebben we aanvullend bewijs geleverd voor het bestaan van een ALS-FTD 
ziekte continuüm.
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Aangezien veranderingen in gedrag het belangrijkste kenmerk zijn 
van gedragsvariant FTD wilden wij niet alleen de frequentie van deze 
gedragsveranderingen bij ALS onderzoeken, maar ook nagaan welke 
specifieke gedragsveranderingen het vaakst voorkomen. Daarom presenteren 
wij in hoofdstuk 4 een systematisch overzicht van de literatuur over 
gedragsveranderingen bij ALS. De meest voorkomende gedragsveranderingen 
waren perseveratie, apathie en disinhibitie. De frequentie van lichte 
gedragsveranderingen bij ALS was onderzocht in acht studies en had een grote 
spreiding van 17% tot 88%. Dit is waarschijnlijk gerelateerd aan het gebruik van 
verschillende vragenlijsten om gedragsveranderingen vast te stellen, die geen 
van allen gevalideerd waren voor gebruik bij ALS patiënten.

Deel 2. Screenen op cognitieve stoornissen en gedragsveranderingen
In het tweede deel van dit proefschrift hebben wij ons gericht op de 
ontwikkeling van screeningsinstrumenten voor cognitieve stoornissen en 
gedragsveranderingen bij ALS patiënten. Deze screeningsinstrumenten moeten 
niet alleen rekening houden met verminderde behendigheid of onduidelijke 
spraak, maar ook met gedragsveranderingen die gerelateerd zijn aan het 
rouwproces en het lijden aan een chronische ziekte, om overschatting van 
cognitieve stoornissen en gedragsveranderingen te voorkomen. Een van de 
meest gebruikte cognitieve testen bij ALS patiënten is de verbale fluency 
test, als maat voor executieve functies, waarbij de patiënt gevraagd wordt zo 
veel mogelijk woorden met dezelfde beginletter op te noemen binnen een 
minuut. Deze test is al eerder aangepast zodat rekening wordt gehouden met 
spraakstoornissen van ALS patiënten. Deze aangepaste versie, de verbale 
fluency index, berekent de denktijd per woord. In hoofdstuk 5 verschaffen 
wij normscores voor de Nederlandse versie van de verbale fluency index, 
gecorrigeerd voor leeftijd en opleidingsniveau. Helaas was de categorie 
fluency test (semantische fluency) niet in onze studie opgenomen, waardoor 
normscores voor deze test nog steeds ontbreken.

In hoofdstuk 6 beschrijven wij de klinimetrische eigenschappen van de 
ALS-FTD-Cognitieve screen (ALS-FTD-Cog), een nieuw screeningsinstrument 
voor cognitieve stoornissen bij ALS. Gebaseerd op onze meta-analyse 
beschreven in hoofdstuk 2 hebben wij ervoor gekozen om vier testen in de 
screen op te nemen, waarmee sociale cognitie, fluency, verbaal geheugen en 
taal worden onderzocht. De klinimetrische eigenschappen van ons nieuwe 
screeningsinstrument waren minder dan verwacht en waren daarnaast ook 
minder goed dan die van de Edinburgh Cognitive and Behavioural ALS Screen. 
Dit screeningsinstrument wordt tegenwoordig wereldwijd veel gebruikt. Wij 
bevelen het gebruik van de ALS-FTD-Cog daarom niet aan bij ALS patiënten.

Gebaseerd op onze systematische analyse van gedragsveranderingen bij ALS 
hebben we een gedragsvragenlijst ontwikkeld voor ALS patiënten, de ALS-FTD-
Questionnaire, die wordt beschreven in hoofdstuk 7. De vragenlijst bestaat 
uit 25 items die door de naaste van de patiënt ingevuld worden en neemt 
ongeveer vijf tot tien minuten in beslag. We hebben niet alleen een grote groep 
ALS patiënten en gezonde controles geïncludeerd in de validatiestudie, maar 
ook een groep van ALS-FTD patiënten en gedragsvariant FTD patiënten zodat 
de optimale afkapwaarde voor ernstige gedragsveranderingen vastgesteld 
kon worden. Om rekening te kunnen houden met gedragsveranderingen 
gerelateerd aan het lijden aan een chronische ziekte hebben wij ook patiënten 
met andere spierziekten geïncludeerd, zoals inclusion body myositis. Hierdoor 
konden wij de optimale afkapwaarde voor lichte gedragsveranderingen bepalen. 
Momenteel is de ALS-FTD-Q wereldwijd een veel gebruikte gedragsvragenlijst 
in ALS klinieken en onderzoekprojecten.

Deel 3. Beloop en gevolgen van cognitieve stoornissen en gedrags-
veranderingen
In het derde deel van dit proefschrift hebben wij ons gefocust op het beloop van 
cognitieve stoornissen en gedragsveranderingen in een cohort van ‘vroege’ ALS 
patiënten met een ziekteduur van minder dan twaalf maanden. In hoofdstuk 
8 bespreken wij de resultaten van een cohort van 35 ALS patiënten die zowel 
bij inclusie als na zes maanden een neuropsychologisch onderzoek hebben 
ondergaan. Met een uitval van slechts 20% na zes maanden hebben wij bewijs 
gevonden van progressie van cognitieve stoornissen en gedragsveranderingen 
in tien patiënten (36%). In deze studie tonen wij overtuigend aan dat cognitieve 
stoornissen en gedragsveranderingen niet alleen kunnen ontstaan tijdens het 
ziektebeloop, maar ook kunnen verergeren bij een derde van de patiënten. 
Deze bevinding duidt aan dat alle ALS patiënten gescreend moeten worden 
op cognitieve stoornissen en gedragsveranderingen.

Aan het begin van het onderzoek dat wordt beschreven in dit proefschrift 
was er geen overtuigend bewijs voor kortere overleving van ALS patiënten 
met cognitieve stoornissen en gedragsveranderingen. In hoofdstuk 9 hebben 
wij daarom de invloed van cognitieve stoornissen en gedragsveranderingen, 
waaronder ook FTD, onderzocht in twee cohorten van prevalente ALS patiënten 
(dat wil zeggen patiënten met een variërende ziekteduur). Wij vonden robuust 
bewijs voor een kortere overleving van patiënten met cognitieve stoornissen 
en gedragsveranderingen, zelfs bij patiënten die waren gestart met non-
invasieve beademing. Deze bevinding benadrukt dat cognitieve stoornissen 
en gedragsveranderingen belangrijke gevolgen hebben en daarom niet over het 
hoofd gezien moeten worden. In overeenstemming met de geldende criteria 
voor cognitieve stoornissen en gedragsveranderingen bij ALS adviseren wij 
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daarom om alle ALS patiënten gedurende hun ziektebeloop te screenen op 
cognitieve stoornissen en gedragsveranderingen.

ABBREVIATIONS

ACE-R: Addenbrooke’s cognitive evaluation – revised
ALS: amyotrophic lateral sclerosis
ALSbi: ALS with behavioural impairment
ALS-CBS: ALS cognitive behavioral screen
ALSci: ALS with cognitive impairment
ALSFRS-R: ALS functional rating scale – revised
ALS-FTD: amyotrophic lateral sclerosis – frontotemporal dementia
ALS-FTD-Cog: amyotrophic lateral sclerosis – frontotemporal dementia – 

cognitive screen
ALS-FTD-Q: amyotrophic lateral sclerosis – frontotemporal dementia – 

questionnaire
ALSSS: ALS severity scale
AMC: academic medical center
ANOVA: analysis of variance
AUC: area under the curve
AVLT: auditory verbal learning test
Aβ42: amyloid beta 42
b: bulbar onset
BDI: Beck depression inventory
BI: behavioural impairment
BNT:  Boston naming test
BPVS: British picture vocabulary scale
BTO(T): Benton temporal orientation test
Bv-FTD: behavioural variant – frontotemporal dementia
C9orf72: chromosome 9 open reading frame 72
CBI-R: Cambridge behavioural inventory – revised
CDR: clinical dementia rating scale
CI: confidence interval or cognitive impairment
CSF: cerebrospinal fluid
DART: Dutch adult reading test
ECAS: Edinburgh Cognitive and Behavioural ALS Screen
FAB: frontal assessment battery
FBI(-ALS): frontal behavioural inventory (– ALS)
FCSRT: free and cued selective reminding test
f-FTD: frontal variant frontotemporal dementia
FPT: faux pas test
FrSBe: frontal systems behavior scale
FS: frontotemporal syndrome
FTD: frontotemporal dementia
FTD-FRS: FTD – functional rating scale
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FTLD: frontotemporal lobar degeneration
FUS: RNA binding protein Fused in Sarcoma
FVC: forced vital capacity
HADS: hospital anxiety and depression scale
HC: healthy controls
HR: hazard ratio
IGT: Iowa gambling test
ISCED: international standard classification of education
JOLO: judgment of line orientation
l: limb onset
lb: limb and bulbar onset
LNS: letter number sequencing
MAPT: microtubule-associated protein tau
MDRS: Mattis dementia rating scale
MiND-B: motor neuron disease behaviour scale
MMSE: mini mental state examination
MND: motor neuron disease
MND-(bv)FTD: motor neuron disease – (behavioural variant) frontotemporal 

dementia
MOCA: Montreal cognitive assessment
MTL: medial temporal lobe
N: number
NA: not applicable
ng: not given
NIV: non-invasive ventilation
NOS: Newcastle—Ottawa quality assessment scale
NPE: neuropsychological examination
NPI: neuropsychiatric inventory
PAN: population-based epidemiological ALS-study in the 

Netherlands
PET: positron emission tomography scan
PGRN: progranulin
PLS: primary lateral sclerosis
PMA: progressive muscular atrophy
PPTT: pyramid and palm trees test
PPVT: Peabody picture vocabulary test
PSSFTS: Penn state screening examination of frontal and temporal 

dysfunction syndromes
p-τ: phosphorylated tau
RAVLT: Rey auditory verbal learning test
RBMT: Rivermead behavioral memory test
RCF: Rey complex figure test

RME: reading the mind in the eyes test
RMT: recognition memory test
SD: standard deviation
SDMT: symbol digit modalities test
SDST: symbol digit substitution test
SOD1: superoxide dismutase 1
SYDBAT: Sydney language battery
TASIT: the awareness of social inference test
TDP43: TAR DNA-binding protein
TMT: trail making test
ToM: theory of mind
UCSF-SB: University of California San Francisco – screening battery
VFI: verbal fluency index
VOSP: visual object and space perception battery
w/o: without
WAB: Western aphasia battery
WCST: Wisconsin card sorting test
τ: tau
%pred: percentage of predicted
%predVC: percentage of predicted forced vital capacity
VAT: visual association test
WAIS: Wechsler adult intelligence scale
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